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Of all the jets now in service, 
only the CONVAIR SSoO oprings 
you years ahead” speed and luxury 


today! It is the world’s newest-the 


world’s fastest jet passenger plane. 





CONVAIR 
aAvivisionor GENERAL DYNAMICS CORPORATION 


First to offer Convair 880 or 600-Coronado Jet-Liner service will be TWA, DELTA, REAL-AEROVIAS (Brazil), S.A.S., SWISSAIR, AMERICAN, C.A.T. (Formosa), 
AVENSA (Venezuela), JAL (Japan) 
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Safety will always be 


Belgian Air Lines’ 


main goal 


The transport of persons and property in absolute 
safety is the constant concern of the management 
of the Belgian Air Lines, as indeed it is of any air 
transport company. The priority of safety over all 
other considerations is stressed both in the general 
policy directives issued to the staff and in the estab- 
lishment and observation of the standards for 
equipment utilization and the working conditions of 
aircrews. 

This regard for safety has also promoted research 
within the company itself with the aim of producing 
new and original solutions to _— concerning 
the comfort and well-being of passengers. 


Such research has resulted in the production by 
Sabena's technical departments of a swing seat, 
known as the “ Braun seat" after the name of its 
inventor, one of the company's engineers. This 





seat, normally upright, moves automatically to a 
horizontal position when the aircraft is subjected 
to decelerations above a given value, particularly 
in the case of a hard landing, and enables passen- 
ers to withstand far higher decelerations than 
ormerly. 
The seat, which has the approval of the Admini- 
stration Belge del’ Aéronautique, is fitted in Sabena's 
Boeing 707-329 Intercontinentals. 


BELGIAN Wold AsaLines 
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AUTOMATIC BLIND LANDING 


‘AUTOLAND'—the civil version of the 
system developed by the Blind Landing 
Experimental Unit, Ministry of 
Aviation, employs leader cable azimuth guidance 
equipment, manufactured by Murphy 
Radio Limited, to ensure the very 
high degree of accuracy required for 


keep in touch with 
murphy 


For further information on this equipment write to>»— 
MURPHY RADIO LIMITED ELECTRONICS DIVISION 


WELWYN GARDEN CITY + HERTFORDSHIRE : ENGLAND 
CRC 2EA 
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e lower direct operating costs 
e better combustion 

e more BTU’s for the money 
@ maximum payloads 


@ minimum fuel weight 


Call Mobi! ro-day / 
Mobiljet 476 





the commercial fuel for modern jets 
| Mobil | 
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FOKKER F.27™ TROGI 
- A well-tried atrcraft 









VERSATILITY OF MISSIONS 


Personnel transport (40 passengers and 1,000 
lb luggage) 

V.I.P. Transport (6 V.LP.’s and staff of 20) 
Mixed Cargo/Personnel transport 

Medical evacuation (24 litter patients) 
Paratroop Assault (45 fully equipped para- 
troopers) 

Supply dropping 

Military cargo transport 

Easy handling of bulky military equipment | 
due to low floor level and large 91” x 70” * oe 





cargo door. 





ROYAL NETHERLANDS AIRCRAFT FACTORIES FOKKER 
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STRUVER GROUND POWER SUPPLY SYSTEMS FOR AIRLINERS 














@ ROLSTARTER This equipment is used at many airports in 
Germany and other countries to start piston-engine aircraft and 
the VISCOUNT. 
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JET-ELECTRIC 75 > ba * 


Self-propelled, diesel-powered equipment for supplying power 
to the BOEING 707, DC-8 and LOCKHEED ELECTRA requiring 
400 c/s three-phase, 120/208 V. 
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q JET-FREQUENTA 


75 kVA frequency transformer 
for supplying jet aircraft with 
400 c/s three-phase, 120/208 V, 
from a permanently installed 
underground cable system of 
normal voltage. 


q@ JET-AIRSTARTER Diese! compressor unit for compressed 
air sserting of BOEING 707, DC-8 and LOCKHEED ELECTRA 
aircraft. 





DUO-VOLTA p 





Diesel dual-voltage unit with separate d.c. generators for 112 
and 28 V, for starting and supplying power to the CARAVELLE 
and COMET jets, as wen as the BRITANNIA and VANGUARD 
turboprops. 


AD. STRUVER KG AGGREGATEBAU HAMBURG 
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PHILIPS 





SURVEILLANCE RADAR ELEMENT 


To match the increasing use of jet aircraft and the growing density 
of air traffic, a higher standard of safety precautions is required 


at airports. PHILIPS long-range Air Route Surveillance radar and 


Approach Control radar have been specially developed to meet this 


demand for safe and flexible air traffic control under any circumstances. 
The utmost reliability is ensured by using high quality components 
and transistorized circuits. Logical ‘unit’ construction and many other 
features permit the formation of radar systems meeting all the 
special requirements of any airfield. Surveillance Radar Element : 


another dependable system in the PHILIPS radar programme. 


PHILIPS’ long-range Air-Route Surveillance radar at Schiphol Airport, Amsterdam 


es : Li ‘ Ss N.V. PHILIPS’ TELECOMMUNICATIE INDUSTRIE, HILVERSUM, THE NETHERLANDS 
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We supply: 


The ‘152’”’ jet airliner 
The ‘“Libelle-Laminar” and 
“*Libelle-Standard”’ 


high-performance aircraft 


The “‘Lehrmeister” two-seat trainer 
for both elementary and advanced flying 


Aircraft accessories and spares 


TECHNOCOMMERZ G.m.b.H. 


Berlin C 2, Rosenthaler Strasse 40/41 


TELEX: 011 480 


TECHNOCOM Bin. 





Telephone: 425296 
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SEASLUG 


THE SUCCESS OF THE SEASLUG TODAY... 


...MEANS BETTER WEAPONS FOR DEFENCE 
TOMORROW 


The vast research and development facilities of Seaslug’s main contractors Armstrong 
Whitworth Aircraft, G.E.C. and Sperry Gyroscope Co.—are constantly being used to 
improve the performance of this ship-to-air missile system. Already Seaslug is established as 
the most accurate weapon in its class. Several hundred missiles have been fired with out- 
standing success from both land and ship-borne installations. But, in this new branch of 
aviation, nothing stands still. The development of ship-borne weapon systems is a highly 
specialised business, calling for vast experience. 

The know-how obtained by the three principal contractors guarantees the success of even 
more formidable defensive weapons in the future. 


Designed 
and 
Manufactured 


by: 
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SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD. 
(a member of Hawker Siddeley) 


THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 


SPERRY GYROSCOPE CO. LTD. OF ENGLAND 
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Hughes Aircraft Company has received a 
$7.5 million U.S. Navy contract to build 
guidance systems for the Polaris missile at 
the company’s El Segundo plant. The new 
contract brings Hughes’ total of Polaris 
work to over $15 million and makes the 
company a prime contractor to the Navy 
with responsibility for the entire guidance 
system. Under a dual source supply plan, 
the U.S. Navy is purchasing the Polaris 
guidance system from two independent con- 
tractors; the first is the team headed by 
Hughes which includes the Minneapolis- 
Honeywell Regulator Company, and the 
second is the General Electric Company. 


Meanwhile, thirty-three members of 
NATO’s Infrastructure Committee have 
been touring military bases and aeronautical 
establishments in the United States, repor- 
tedly studying the Polaris for possible use 
by NATO forces. The United States has 
already offered Polaris to NATO, with pro- 
duction handled either in the States or in 
Europe; in view of current U.S. legislation 
on the control of atomic weapons, the war- 
heads would naturally have to be produced 
in Europe. NATO would be interested in 
the mobile land-based version of Polaris, 
and this weapon will probably be in service 
within the next five years. 
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The Raytheon Company has been awarded 
a $23.6 million U.S. Navy contract for con- 
tinued production of the Sparrow III air- 
to-air missile, at present operational with 
the Sixth and Seventh Fleets as armament 
for the U.S. Navy’s F3H-2 Demon. The 
work will be carried out at Raytheon 
Missile Systems Division production plants 
at Lowell, Mass. and Bristol, Tenn. 
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The British Government is reportedly to 
place orders for development of an improved 
version of the Blue Steel Mk. I missile, with 
increased tankage and range and a higher- 
powered engine. This weapon, known as 
the “Improved Blue Steel,” is not to be 
confused with the Blue Steel Mk. II recently 
cancelled by the Defence Ministry. Inter- 
avia’s London Correspondent understands 
that both Blue Steel Mk. I and the Improved 
Mk.I are to go into production at Avro 
Weapons Division of British Aircraft Corpo- 
ration. 
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The North American X-15 programme will 
be delayed for “months” as a _ result 
of the explosion of the No. 3 aircraft at 
Edwards AFB earlier this month. The 
accident occurred on the ground during 
run-up of the new 57,000 Ib thrust Thiokol 
XLR 99 engine, and the cause is believed 
to have been in the engine or fuel tanks. 
X-15 flights to date have been made with 
two 15,000 Ib thrust XLR 11 engines, with 
which the aircraft has achieved speeds of 
the order of Mach 3.2. A second XLR 99- 
powered X-15 will not be available for some 
time, but the new engines are expected to 
give the aircraft a speed of 4,000 m.p.h. and 
altitudes of 50 miles. 





*Interavia Air Letter Is a daily international news 
digest published in English, French (“ Courrier Aérien™”) 
and German (“ Luft-Post”). All rights reserved. 


The United States Senate approved, in mid- 
June, a $40,514,897,000 appropriation for 
the Defense Department in fiscal 1961 
(beginning July Ist, 1960). The figure is 
about $1,250 million above the amount 
sought by the President and voted by the 
House of Representatives. 


Important additions include $84 million 
voted to accelerate work on the Samos 
reconnaissance satellite, $10 million for 
Fairchild F-27 transports, $36 million extra 
for the B-70 bomber programme, restoration 
of $250 million for the Bomare missile pro- 
gramme which was dropped by the House, 
an extra $75 million for the Bomare base 
programme, and $215 million for moderniza- 
tion of the U.S. Army’s fighting equipment. 


ICAO Public Information Officer L. C. 
Boussard said in a recent address to the 
Italian Centro per lo Sviluppo dei Trasporti 
Aerei that the experts are still not agreed 
on the possible timing for the introduction 
of the new supersonic transports into ser- 
vice. Whereas Lockheed had claimed that 
it would be possible to have the supersonic 
aircraft in service by 1965, financial experts 
had drawn attention to the difficulties which 
will arise in financing and depreciation, 
particularly with reference to the airlines’ 
vast investments in the current jet fleets. 
Under the circumstances the year 1970, or 
better still 1975, is a much more realistic 
estimate, for the following reasons: 1) the 
new aircraft could expect to find a consider- 
ably increased traffic volume; 2) the air- 
lines will probably be in a much more 
favourable financial position, since less 
supersonic transports would be needed to 
carry out the same task as the present sub- 
sonic jet fleets; 3) the necessary jet and 
ramjet engines will then be fully developed; 
4) S/VTOL problems should by that time 
have been solved; 5) the requisite ground 
organization would be available. 


ICAO has sent out a questionnaire to 
member States to establish their respective 
viewpoints on the subject; many replies 
have already been received. 


The development costs of a supersonic 
transport will probably reach $500 to $1,000 
million, so that a price of between $15 and 
$20 million per aircraft can be expected. 
It is hoped, however, that the supersonic 
transports will be able to handle three times 
the passenger-mile work load of the current 
subsonic transports. 
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The Eurocontrol report adopted at the 
Transport Ministers’ meeting in Rome is 
now to be studied by the appropriate author- 
ities in the seven countries concerned (The 
Six plus the U.K.), and will be the subject 
of a further Eurocontrol committee meeting 
scheduled for September 29th in Paris. This 
meeting will prepare the whole question for 
a government-level meeting which is due 
to be held in Brussels on November 14th. 


The first phase of the Eurocontrol opera- 
tion, during which practical preparations 
will be made, is due to start on January Ist, 
1961. During this transitory phase, the 
organization’s technical staff will work in 


Paris, and later the organization will be 
headquartered in Brussels. West European 
traffic will be controlled from five Regional 
Centres: located in Prestwick, London, Paris, 
Luxemburg and Rome, coordinating both 
military and civil aircraft movements. A 
personnel training school will probably be 
established in the U.K. 


France is to set up an experimental unit 
at the beginning of 1961, and this facility 
will probably later be transformed into an 
establishment similar to the FAA’s Atlantic 
City centre which is responsible for assessing 
electronic equipment and methods for U.S. 
air traffic control. 
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Rear Admiral Sir Matthew Slattery has been 
appointed as the new Chairman of British 
Overseas Airways Corporation. He will take 
over from part-time Chairman Sir Gerald 
d’Erlanger on July 29th. The new part-time 
Deputy Chairman of BOAC is to be Sir 
Wilfred Neden, who is already a board 
member. Of interest is the appointment to 
the board of Lionel Poole, until recently 
General Secretary of the National Union of 
Boot and Shoe Operatives. London aviation 
circles comment that the combination of 
Sir Matthew Slattery and Basil Smallpeice 
(Managing Director) should make a strong 
team, well able to accelerate the stream- 
lining and overhaul of the carrier’s organ- 
ization. The appointments of Neden and 
Poole seem to indicate a long-needed revision 
of BOAC’s labour relations policy. 


Kuwait became the 78th member State of 
the International Civil Aviation Organiza- 
tion on June 17th. 
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The U.S. Civil Aeronautics Board has author- 
ized U.S. domestic trunk airlines to raise 
passenger fares by 2.5 percent plus $1 per 
one-way ticket. This increase, amounting 
to approximately 5 percent, is expected to 
bring in an additional $84 million annually 
for domestic trunk operators. 
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Vienna-Schwechat Airport’s new terminal 
building was officially inaugurated on June 
17th. With its 9,850 x 200 ft main runway, 
Schwechat is now capable of handling up to 
a total 3 million passengers a year. 
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J. Gerritsen, Manager of Civil Sales with 
Royal Netherlands Aircraft Factories Fokker 
until June Ist, has opened a new office for 
the company in Switzerland to promote 
Fokker’s increasing inter-European com- 
mitments and sales activities. The Swiss 
office is located at 7, Chemin de la Fonta- 
nettaz, Pully-Lausanne. 

os 


Tyne licence production: The French and 
British Governments have reached agree- 
ment in principle on licence production of 
the Rolls-Royce Tyne in France by Hispano 
Suiza. Under the terms of the agreement, 
Rolls-Royce will supply some 20 percent of 
the Tyne components to the French com- 
pany. The French-produced Tynes will equip 
the Franco-German C. 160 Transall transport 
and the Breguet 1150 Atlantic maritime 
reconnaissance aircraft for NATO. There is 
also a possibility that the Belgian company 
FN (Fabrique Nationale d’Armes de Guerre) 
and the West German MAN company may 
cooperate in the production of certain Tyne 
components at a later date. 

we 


The Royal Navy’s Fleet Air Arm will not 
participate in this year’s SBAC Farnborough 
i te | Display and Exhibition. The Admi- 
ralty has said that its intensive programme 
of introducing new aircraft into carrier 
service makes it impossible to undertake 
the lengthy training and preparation re- 
quired for Farnborough. 
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UAT and Air France are planning to set up 
a new private company to exploit the African 
domestic network, help the new African 
States set up their own national carriers, 
and operate international services origina- 
ting in Africa. 


Although no official statement on the 
establishment of the new company had been 
issued at the time of writing, and although 
no firm title has yet been announced, the 
company will probably carry the name Air 
Afrique. Roger Loubry of UAT will be 
President and General Manager, with Air 
France’s Robert Montarnal as Vice President. 
Jacques Alexandre, at present Air France’s 
Regional Director for West Africa, will be 
Deputy General Manager. 
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Persian Air Services has inaugurated sche- 
duled passenger services from Teheran to 
Geneva, Paris, Brussels and London, flying 
the route Teheran-Geneva-Paris-Brussels 
each Tuesday, Telieran-Paris-London each 
Friday, and the Teheran-Geneva-Brussels- 
London route each Sunday. Services will be 
flown with a DC-7C. PAS is also operating 
a series of scheduled cargo flights to Brussels 
with intermediate stops at Abadan, Athens 
and Basle, with two DC-4s. 


The new technical and operating agree- 
ment between PAS and Sabena came into 
force early last month, and Sabena is pro- 
viding assistance in the operation of the new 
passenger services; no commercial coopera- 
tion is envisaged, but Sabena will continue 
to represent PAS in those cities where the 
Iranian carrier has no offices (PAS at present 
has offices in Geneva, London, Paris and 
Brussels). 
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The Italian Senate has approved the Defence 
Ministry Budget for fiscal 1960-1961. During 
the four sessions of debate, Defence Minister 
Giulio Andreotti made the following points: 
1) The functions of the Secretaries-General 
for the Air Force, Army and Navy are to be 
merged into a new appointment, Secretary- 
General for National Defence; 2) A new 
bill for the separation of civil aviation from 
the Defence Ministry under an independent 
Civil Aviation Commission is shortly to be 
introduced; 3) Italian participation in the 
European Lockheed F-104 programme has 
now been officially confirmed; 4) The fiscal 
1960-1961 programme for aircraft production 
includes the Fiat G.91, the Macchi 326, 
the Piaggio 166 and various Agusta heli- 
copters; 5) The Finance Department is to 
appropriate supplementary funds for in- 
creased pay for military personnel. 
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The new Tu-124 medium-range airliner (two 
Soloviev jets of unspecified type), designed 
by Andrei Tupolev, has reportedly reached 
the final assembly stage. Tass reports say 
that the Tu-124 is similar in external ap- 
pearance to the older Tu-104 and will be 
used mainly for inter-city express services 
over stages of up to roughly 800 nautical 
miles. Average cruising speed is quoted as 
485 knots. The aircraft is also claimed to 
have STOL_ qualities (runway length 
2,630 ft). 
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General Electric is offering a new turbofan 
engine, the CJ-805-41, for cargo and short- 
range transports. This is rated at 20,000 lb 
thrust, compared with the 16,000 Ib 
delivered by the earlier CJ-805-23 model 
(e.g., in the Convair 600), and offers a modest 
improvement in specific fuel consumption. 


Another new General Electric civilian jet 
engine is the CJ610, of 2,700 lb thrust, an 
outgrowth of the J85 military jet. Weight 
355 Ib, length 39.7 in., overall diameter 
17.7 in., specific fuel consumption 0.97 
Ib/Ib/h. The same basic engine with the 
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addition of an aft fan component (total 
thrust 4,000 lb) forms the CF700 announced 
by General Electric last year. 

Meanwhile the company has received 
FAA type certification for its CJ-805-23 and 
CJ-805-23A aft-fan engines, which will 
power the Convair 990 (600) airliner. The 
certificate specifies the power of the CJ-805- 
23 as 15,850 |b and that of the CJ-805-23A 
as 16.1001b. Production models of the aft-fan 
engines are already being delivered to Convair 
at San Diego forinstallation in theConvair900. 


The Chance Vought F8U-2N Crusader has 
received U.S. Navy approval to carry four 
Sidewinder air-to-air missiles instead of two 
as hitherto. This increase in striking power 
will be achieved by using relatively in- 
expensive Y-shaped pylons, each carrying 
two missiles. As in earlier Crusader models, 
one pylon will be mounted on either side 
of the fuselage, behind the cockpit. The 
F8U-2N, which made its first flight on 
February 16th this year, is powered by the 
Pratt & Whitney J57-P-20 jet, which gives 
it “higher performance” than the F8U-2 
(with 17,000 lb of thrust with reheat). 


The Rolls-Royce Avon Mk.524 is the first 
civil jet engine to receive Air Registration 
Board certification for 2,000 hours’ operation 
between overhauls. The only operation 
necessary between overhauls is the changing 
of two igniter plugs. The Avon, which has 
been in airline service for the past twenty 
months, is in use or on order by the following 
companies: Aerolineas Argentinas, British 
Overseas Airways Corporation, British Euro- 
pean Airways, East African Airways, Com- 
pafiia Mexicana de Aviacién, Middle East 
Airlines and Misrair for the de Havilland 
Comet 4, and Air Algérie, Air France, Alitalia, 
Finnair, Royal Air Maroc, Sabena, Scandi- 
navian Airlines System, Swissair, United 
Air Lines and Varig for the Sud-Aviation 
Caravelle. 


” & 


AB Malmé6 Flygindustri (MFI)—a subsidiary 
of the large Swedish rubber concern, Trelle- 
borgs Gummifabriks AB—with plant at 
Malm6-Bulltofta, announces the develop- 
ment of a new four-seat aircraft, the Fi 10 
Vipan. This marks the resumption of the 
company’s independent aircraft develop- 
ment work, which was interrupted for many 
years. In recent years MFI has been engaged 
mainly on subcontract work for the Swedish 
aircraft industry and the development of new 
reinforced plastics for industrial applica- 
tions. 

The Fi 10 is a strutted high-wing aircraft, 
built to the CAR-03 Category U specifica- 
tions. Novel features are an all-fibreglass 
undercarriage, a new control system, and 
the plastic sandwich construction resulting 
in reduced empty weight and economical 
production. 

Data for the Vipan are as follows: wing 
span 35.1 ft; length 26.2 ft; wing area 
169 sq.ft.; aspect ratio 7.35; weight 
equipped 1,160 lb; all-up weight 2,200 Ib; 
cruising speed 106 knots at 60 percent 
power; take-off roll 330 ft; sea level rate 
of climb 984 ft/min; range 540 n.m. Engine: 
1 x 150/160 h.p. Lycoming 0-320. 

@ 


The U.S. Navy says that the radio signals of 
the Transit IB navigation satellite, launched 
on April 13th, have confirmed earlier data, 
indicating that the earth is not spheroid, but 
slightly pear-shaped. The North Pole is 50 ft 
further from the equator, the South Pole 
50 ft nearer the equator, than they would be 
if the earth were a perfect sphere. 

® 


A USAF Lockheed C-180A Hercules turbo- 
prop transport (four Allison T56s) has 
dropped a load weighing almost a third of 


its gross weight, consisting of 35,055 Ib 
of iron boiler plate attached to a platform. 
When it took off from the U.S. Naval 
Auxiliary Air Station at El Centro, Califor- 
nia, the aircraft weighed 121,878 lb. The 
load was dropped from an altitude of 5,000 ft 
while the aircraft was flying at a speed of 
150 m.p.h.; the C-130A gained about 500 ft 
in altitude immediately afterwards. The 
platform was attached to six parachutes 
100 ft in diameter. The Air Research and 
Development Command reportedly intends 
to use a C-130A to drop a load weighing 
45,000 Ib. 

& 


Winners of the 8th World Gliding Champion- 

ships in Cologne (cf. page 866 et seq.) were 

Rudolfo Hossinger, of Argentina, in a 

Slingsby Skylark III in the Open Class, and 

Heinz Huth, of the Federal German Re- 

= in a Schleicher Ka 6 in the Standard 
ass. 


The Championships consisted of a total 
six competitions. Some results from the 
last three days’ competitions are: June 14th, 
162 km goal flight to Oerlinghausen: Open 
Class, Jerzy Popiel (Poland), flying a Zefir 2, 
average speed 126.09 km/h and _ 1,000 
points; second, Edward Makula (Poland), 
also in a Zefir 2, 115.81 km/h and 926.2 
points; third, Dick Schreder (USA), in an 
Airmate HP-8, 114.5 km/h and 917.2 points. 
Standard Class: Adam Witek (Poland), in 
an SZD-24 Foka, whose average speed of 
128.7 km/h was the best of the day; second, 
Heinz Huth, 111.65 km/h and 875.6 points; 
third, Sipko W. Andreae (Netherlands), in 
a Schleicher Ka 6, 108.8 km/h and 853.9 
points. 


June 15th, 318 km triangular course 
Cologne-Hamm-Hirzenhain-Cologne: Open 
Class, Nick Goodhart (Great Britain) in an 
Olympia Eon 419X, with 1,000 points, and 
Harald W. Jensen (Denmark) in a Sky- 
crafter. Standard Class, Heinz Huth, with 
1,000 points, in the day’s shortest time of 
4 hours 57 minutes. 


June 16th, 201 km triangular course Co- 
logne-Dahlemer Binz-Hummerich-Cologne: 
In the Open Class the best performance 
was from the Swiss pilot Bernhard Miller, 
in a Weihe, who came within a few kilo- 
metres of the goal; second, Edward Makula, 
with 828.4 points; third, Jerzy Popiel, with 
807.6 points. In the Standard Class the 
winner and runners-up regained Butz- 
weilerhof: first, Adam Witek, with 1,000 
points; second, Jorge Miinch (Brazil), in a 
Schleicher Ka 6, with 968.4 points; third, 
Heinz Huth, with 965.1 points. 


Final results: Open Class: 1. Rudolfo 
Hossinger, 5,102.9 points; 2. Edward 
Makula, 5,079.1 points; 3. Jerzy Popiel, 
5,020.7 points. Standard Class: 1. Heinz 
Huth, 5,619.1 points; 2. Jorge Minch, 
5,237.8 points; 3. Adam Witek, 5,201.9 
points. 

The winner of the 1960 OSTIV Trophy 
for the best sailplane in the Standard Class 
was Engineer Riidiger Kunz, with his Stan- 
dard Austria design. 





Photo Credits: Front Cover: Boeing Airplane Co.; 
pp. 808-813; Howard Levy (1), ATP (1), USAF (6), 
Interavia (5), Interavia drawings (3); p. 814: 
manufacturers; pp. 819-820: Interavia drawings (5), 
Interavia files (2); pp. 825-827: manufacturers; 
pp. 828-835: USAF (3), manufacturers (10), Inter- 
avia drawings (8); pp. 836-839: manufacturers (16), 
Interavia (4); pp. 840-841: manufacturers; pp. 842- 
844: author; p. 845: manufacturers; pp. 846-848: 
A. Sylvain, Papeete (1), Allegheny Airlines (2), 
manufacturers (3), Interavia files (4); pp. 857-859 
author (4), USAF, Sembach AFB (2), manufacturers 
(3); pp. 860-862: manufacturers; pp. 863-864 
Provveditorato al Porto di Venezia (3), Consorzio 
Autonomo del Porto di Genova (2), Interavia files (1); 
pp. 866-867: Interavia. 

















Latest Olympus version—ready for production— | 
produces 20,000-Ib thrust dry... 

















ENGINEERING ADVANCE 
BY BRISTOL SIDDELEY 


Security restrictions have just been lifted to permit the 
release of some details of the current Olympus version, 
the 21, which is now ready for production. 

157-in long and with a 42-in intake diameter, the Bristol 
Siddeley Olympus 21 is Britain’s most powerful military aero- 
engine. It inherits all the outstanding qualities of its forebears 
—high power at high altitude, unequalled handling character- 
istics, low fuel consumption and great operational flexibility. 
It also possesses the highest thrust/weight ratio of any high- 
thrust turbojet in the world. 

The Olympus series of engines owes its excellent all-round 
performance to the two-spool compressor system, pioneered 
by Bristol Siddeley and since adopted by the leading aero- 
engine producers in Britain and the USA. Proof of Olympus 
reliability is given by the fact that it has the longest achieved 
overhaul life, the lowest specific fuel consumption and the 
highest thrust of any bomber or fighter engine in squadron 
service with the RAF. 


The enormous development potential of the Olympus has 
repeatedly been proved. The first production version delivered 
11,000-lb thrust dry, the current Olympus 21 has reached 
20,000 lb, and an even later version is rated at no less than 
33,000 lb with reheat. 


Olympus applications 

The Olympus 201 already gives the Avro Vulcan B 2, spear- 
head of the RAF’s V-bomber force, an all-round performance 
unsurpassed by any other aircraft of its type. The Olympus 
21 has been designed to allow the Vulcan to reach its ultimate 
design potentialities. 

The Bristol Siddeley Olympus is ideally suited to operation 
at transonic speeds and an advanced version has been selected 
to power the British Aircraft Corporation’s TSR 2, a new 
tactical support/reconnaissance aircraft chosen for the RAF. 
Other Olympus versions are under active consideration for 
the next generation of civil airliners—the supersonic 


transports. 


W BRISTOL SIDDELEY ENGINES LIMITED 








FIAT GSIT 


Bristol Siddeley Orpheus 80302 Engine 





















The jet trainer with all the characteristics of the single-seat 
FIAT G91, NATO's lightweight strike fighter. 


Pilots trained on the G 91 T are ready for assignment to units 
immediately afterwards. 


A single aircraft serves both for basic and advanced 
training and for operational use. 


The trainer's similarity to the single-seat fighter makes it ideal 
not only for basic and advanced training, but also for actual 
operation on ground support and armed reconnaissance missions. 


Principal characteristics and performance figures: 


Dimensions Performance 

wing span... . 28.24 ft ee transonic 
ee 39.37 ft time-to-climb: 
ee 13.94 ft — to 13,200 ft . . 4 min 30 sec 
Weight ..... 11,770 Ib — to 26,400 ft . . 8 min 


FIAT-DIVISIONE AVIAZIONE 
Corso Giovanni Agnelli, 200, TURIN, Italy 
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S.264A THE MOST ADVANCED CIVIL RADAR IN THE WORLD 


Marconi 50 cm. Radar is immune from 
weather effects without polarisers 
and has a fully coherent crystal 
controlled MTI system. 

27 MARCONI 50 CM. RADARS HAVE 
BEEN ORDERED OR INSTALLED 
IN THE U.K., EUROPE, ASIA, 
AFRICA AND AUSTRALASIA, 





MARCONI 


COMPLETE CIVIL AND MILITARY RADAR INSTALLATIONS 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, 
CHELMSFORD, ESSEX, ENGLAND. 


Mé6C 
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Douglas 


will have a 
hand in 
world-wide 


television 


Soon the horizon will no longer limit 
the reach of live television. A series of 
reflecting satellites will give you a 
front row seat at events televised from 
anywhere on earth. 

These communications satellites are 
to be launched by Douglas Thor 
missiles. Foil-covered, they will 
balloon out in orbit and serve as 
inexpensive relay stations. 

Douglas is proud to be playing a 
major role in the space age. Thor, 
with more than 50 successful flights, 
has become the workhorse of U. S. 
space research. 

Advanced engineering, high 
performance, reliability and economy 
of operation have always been 
hallmarks of Douglas products whether 
the medium is space or air. 

Tomorrow or today...in space 
projects or air transportation, you 
can depend on Douglas. 


Foil-covered satellite, folded 
like a pocket raincoat, would 
balloon out in orbit as an 

inexpensive T'V relay station 


DOUGLAS 


BUILDERS OF THE DC-8 JETLINER 


MISSILE AND SPACE SYSTEMS « MILITARY 
AIRCRAFT « TRANSPORT AIRCRAFT ¢ AIRCOMB®e 
GROUND SUPPORT EQUIPMENT 
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MIRAGE Il 


Mach 2 


ALL-WEATHER 
OFFENSIVE AND DEFENSIVE AIRCRAFT 


Générale Aéronautique Marcel Dassault 
FRANCE 
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After 31 years of continuous growth and diversification as Bendix Aviation Corporation . . . 


We've changed our name to 


The Bendix Corporation 








To reflect our dynamic growth in such fields as electronics, missiles and space, 
automotive, weapons systems, computers, machine tools, instrumentation, 
nuclear technology, hydraulics, meteorology, electrical, marine and others, we 
dropped “ Aviation ” from our corporate name on June 1, 1960. We do not wish to convey the 
impression that our products and skills are limited to the aviation field alone, 
although aviation products accounted for billings of $388,700,000 in 1959. 


Today Bendix®—through 25 divisions and 16 subsidiary and affiliate 
companies arond the world— serves many fields. 

Our success in the rapidly expanding age of aviation has long obscured 
the fact that the Bendix automobile starter drive was the company’s first 
major product. Bendix introduced the type of four-wheel brakes that 
over the years has been used on most makes of cars. Bendix also 
pioneered automotive power brakes and power steering. Our automotive 
business in 1959 totaled $114,300,000. 

A notable trend in Bendix’ recent history is the utilization of electronics 
in many of our major fields of activity. These range from automobile 
radios to aircraft and industrial communications and automatic flight 
controls . . . from electronic computers and data processing to numerical 
tape control systems for machine tools . . . and from transistors and 
ship-to-shore telephones to sonic cleaning and undersea sonar detection 
equipment. Approximately 40% of Bendix products are electronic, 
including air defense radar which today guards 25 million square miles. 

Missile and space equipment accounted for $103,000,000 of our total 


A thousand 


Cond 


business of $689,692,312 in 1959. In addition to being the prime con- 
tractor for two important missiles, Talos and Eagle, we are also a sup- 
plier of components and sub-systems for most U.S. missiles. Bendix is 
likewise taking an active part in Project Mercury and in satellite com- 
munications. The first is the program to put a man into space. The 
second will mark a new era in communications by using a satellite in 
orbit as a relay station for global radio messages. 

Bendix also has a growing and diversified nuclear program. Since 1949 
we have operated the Kansas City Division for the Atomic Energy 
Commission. It is a large manufacturing organization employing 7,500 
people engaged in the atomic weapons program. We also supplied con- 
trol mechanisms for nuclear submarines and nuclear industrial power 
plants, and we are playing a part in developing the newest U.S. atomic 
power plants for aircraft, missiles and space vehicles. 

Thus, as we drop “ Aviation” from our corporate name, but not 
from our programs, we face a tomorrow where the range of our oppor- 
tunities is broadening at a breathtaking rate. 


diversified products 


CORPO RAT EON 
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BRITISH AIRCRAFT CORPORATION LIMITED 


Subsidiaries: VICKERS-ARMSTRONGS (AIRCRAFT) LIMITED ENGLISH ELECTRIC AVIATION 
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A new force in aviation 


DI ISH 
RORAFL 
CORPORATION 


THE BRITISH AIRCRAFT CORPORATION combines the aircraft and 

guided weapons interests of Vickers, English Electric and Bristol. 

The operating subsidiaries, Vickers-Armstrongs (Aircraft), English Electric Aviation 
and Bristol Aircraft, though merged, will continue to operate under their own 

names in order to preserve continuity of responsibilities and service. 

Behind British Aircraft Corporation lie the strengths of the Vickers, 

English Electric and Bristol Groups. 

Negotiations have been completed with the Hunting Group for 

British Aircraft Corporation to acquire a controlling interest in Hunting Aircraft. 


LIMITED BRISTFOL AIRCRAFT LIMITED AND HUNTING AIRCRAFT LIMITED 
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* short take-off and landing 


THE STOLE HERCULES 


A boundary layer control system, which will spectacularly 
shorten the already astonishingly brief take-off and landing 
runs of Lockheed’s versatile 61-ton C-130 Hercules trans- 
port, is now in an advanced stage of development and flight 
test. 

The Lockheed BLC system culminates many years of study 
by Lockheed engineers and follows four years of research 
devoted to specific application of the system to the Her- 
cules. 

Four auxiliary jet engines, weighing only 500 pounds each, 
will furnish the streams of high pressure air which flow over 
all control surfaces. The BLC jet engines are each con- 
nected to a central system providing air evenly to all 
surfaces even with one engine out. 








Manufacturing work on the BLC Hercules can begin now 
because 80% of the airplane is identical to the C-130B. 
In Europe, a nation or group of nations could manufacture 
the C-130 B and have a European version flying in less than 
half the time required by a new untested design. The pro- 
gram could then be phased into the more advanced BLC 
Hercules. Know-how acquired by Lockheed in manufactur- 
ing nearly 300 C-130s to date can make the BLC Hercules 
European manufacturing project the most rapid and inex- 
pensive answer to the needs of European nations for a high 
performance, all-purpose transport. 

As a combat transport of men and equipment the C-130 
showed its superlative value in airlifts to Lebanon and 
Turkey. 











Boundary Layer Control 


This illustration shows the Boundary Layer Control system 
of the Hercules. A pod under each wing carrying two small 
modified jet engines bleeds air which flows over all control 
surfaces, ailerons, flaps, rudder and elevator greatly re- 
ducing stall speed of the 61-ton transport. 


Licensed manufacture 


The Hercules is easily adapted to licensed manufacture. 
Plans for its production in Europe by a nation or nations 
cooperating with Lockheed have been carefully studied. 
Results emphasize spectacular saving of both money and 
time. 








Jet Transports - Jet Fighters - Jet Trainers - Commercial & Military 
Prop-Jet Transports - Rocketry Ballistic Missile Research & Develop- 
ment - Weapon System Management - Anti-Submarine Patrol Aircraft 
Nuclear-Powered Flight - Advanced Electronics - Airborne Early- 
Warning Aircraft - Airport Management - Nuclear Reactor Design & 
Development - Ground Support Equipment - World-Wide Aircraft 
Maintenance 


Versatility 


The excellent range capabilities of the C-130 enable it to 
perform long search and patrol missions. Moreover, it can 
be easily adapted to many different mission configurations 
including Paratroop Drop. Aerial Cargo Delivery, Air Rescue, 
Drone Launcher/ Director Aircraft, Troop Carrier, Air Re- 
fueling, Aerial Mapping and Surveying, etc. 


Soft Field Take-off and Landing 


The unique landing gear design of the C-130 permits it to 
operate from soft, unprepared fields. High gross-weight 
landing tests have been made on grass, sand and pierced 
steel plank. The C-130 is the largest aircraft to be equipped 
with skis for snow and ice landings. 


LOCKHEED 





GROUND AND AIRBORNE 
RADIO COMMUNICATION AND 
NAVIGATION SYSTEMS 


REMOTE CONTROL AND 
INDICATION SYSTEMS 


TELEPHONE AND TELEGRAPH 
SYSTEMS 


TELEGRAPH SWITCHING AND 
RETRANSMISSION SYSTEMS 


TELEPHONE AND _ RADIO- 
TELEPHONE INSTRUMENTS 


AC/DC CONVERSION EQUIPMENT 
COMMUNICATION CABLES 
HIGH GRADE COMPONENTS 


systems and 
equipment 
for world 


aviation 


Standard Telephones and Cables Limited 


TELECOMMUNICATION ENGINEERS 
CONNAUGHT HOUSE. 63, ALDWYCH . LONDON W.C.2 
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ns =the turbine-powered Sikorsky S-62 can hover... and then deliver, 


with pin-point precision, a 2,000-pound payload up where it counts 


TH IS COP TER —at 14,000 feet. This is an unprecedented performance, better 
even than is possible with much larger helicopters and far in excess 
D ELIVERS A of anything possible with helicopters of the S-62’s weight class. 
This opens up new horizons for high altitude exploration, construc- 

2,000-POUND tion and supply —important news for helicopter operators. 
PAYLOAD AT And altitude capabilities are only one of the many unique features 
built into this boat-hulled turbocopter. It takes off and lands almost 
14 000 FEET! anywhere—land, water, shipboard, marsh, ice, mud. Cable or write 
7 =" for complete operating facts, including the new gains in economy 


Pane §possible with the S-62. 


Sikorsky S-62 demonstrates 2,000-pound payload delivery in the Himalayas at 14,000-foot altitude. 











UNITED AIRCRAFT EXPORT CORPORATION 


East Hartford 8, Connecticut, U.S.A. 





European Office: 3/5 Warwick House Street, London, S.W. 1, England 
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...and 200 miles away a telephone rings! 


Eight hours ago, an expanse of barren mountain- 
ous country made communication impossible. 
Tonight, 60 telephone channels and teletype 
span the wilderness. 

Transportable MICROSCATTER is a super 
high frequency radio system for long-range 
communication. Developed by Canadian 
Westinghouse, MICROSCATTER beams sig- 
nals high above the earth sending two-way 
voice and teletype messages up to 200 miles over 
land and water . . . without costly relay stations. 
The compact MICROSCATTER radio system 
fits in a standard 30 ft. truck trailer. Now, 
whenever men and equipment move, MICRO- 
SCATTER moves right along with them. It is 
particularly suited to military and government 
projects in remote locations. Units designed for 
self-contained field operations are set down by 
helicopter. 


CANADIAN 


Westinghouse 


A Westinghouse communications specialist will 
be pleased to explain fully the MICRO- 
SCATTER operation and relate it to your 
problem. Contact your nearest Westinghouse 
office, or write to Canadian Westinghouse 
Company Limited, Electronics Division, 
Hamilton, Canada. YOU CAN BE SURE... 
IF IT’S WESTINGHOUSE. 





MICROSCATTER APPLICATIONS 














COMMERCIAL MILITARY 
Fixed Station —120 telephone | Wide Band —radar 
channels —data 
—television and —120 telephone 
sound channels 
Transportable—60 telephone Tactical and —60 voice channels 
channels Transportable—teletype 
—teletype —data 
FEATURES 
* Frequency—4400-5000 mc * Power—2 KW 
* Antennas —10 to 28 ft. diameter * Range—100 to 200 miles 
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@ Republic's F-105 is the 
only all-weather strike 
fighter on order for Europe 
by the U.S. Air Force. 


@ Republic's F-105 is the 
only truly complete Weapons 
System designed for Europe's 
specific tactical needs. 


@ Republic's F-105 is 
“the world's most powerful 
one-man aircraft." 


These facts prove the F-105’s air superiority and 
its ability to accomplish “ the mission. To help 
NATO with its mission... there is Republic's 
Mission Plan’... establishing a prime source 
of supply in Europe through the production of 
this supersonic, nuclear armed jet by various 
industrial firms throughout NATO countries. 


MEP aE/MLIGT AWVAATs@m/v 


, FARMINGDALE, NEW YORK, U, S. A. 
Ltegand and Cuilldots x & Jrampaeable VUUNDER-CRAFT 
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THE DE HAVILLAND ENGINE COMPANY LIMITED 


LEAVESDEN HERTFORDSHIRE ENGLAND 
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VTOL Projects on Either Side of the Atlantic 


Within the next few weeks the Pentagon is expected to take a 
decision on a 60,000-lb VTOL combat aircraft for the USAF’s Tactical 
Air Command, and to decide which manufacturer is to continue the 
present development programme and eventually to build the proto- 
type. This action, and the forthcoming first flight of the British 
Hawker P. 1127, have focussed international interest on VTOL pro- 
grammes currently being followed in various western countries. 


Europe 


NATO is concerned to provide a VTOL, or at any rate STOL, 
successor to the Fiat G.91 lightweight strike aircraft, i.e., a highly 
mobile, all-weather weapons system to reach speeds around Mach 1 
at low altitudes, and supersonic speeds during high-level target 
approach. In France the firms of Breguet, Dassault and Nord- 
Aviation are working on a single-seat combat aircraft of this category. 
In addition, Sud-Aviation is preparing a study for a VTOL combat 
aircraft, under contract to the French Government; this is based to 
some extent on the NATO specifications, although so far it has appa- 
rently not received official support from NATO. 


In Britain, the Hawker Siddeley Group has developed the Hawker 
P.1127 up to the prototype stage, with the first flight expected in 
October. This model, which has a highly sophisticated jet deflection 
system, also largely meets the NATO requirements, though at the 
same time it is based on British specifications. Short Brothers & 
Harland is continuing work on the SC.1 and is later expected to arrive 
at a combat aircraft using lift jets for take-off and landing and thrust 
jets for level flight. The lift jets used will be of a new Rolls-Royce 
model with a power/weight ratio of 16 or 17: 1, which is now under 
development. Assuming normal development time for this engine, 
Short could have a double-delta fighter/strike aircraft available in 
1964, having flown a prototype with slightly less sophisticated engines 
in 1963. Such an aircraft would be capable of Mach 1-+- at sea level 
and Mach 2+- at altitudes above 70,000 ft, and could use a wide variety 


of armament. , 


In West Germany the firms of Bélkow, Heinkel and Messerschmitt 
have combined to form Entwicklungsring Siid at Munich, engaged in 
preliminary design studies for a single-seat VTOL combat aircraft. 
Projects so far considered, however, appear to be tailored to the special 
requirements of the German Air Force. More recently, the Northern 
Group (Weser Flugzeugbau, Hamburger Flugzeugbau) has reportedly 
also begun work on a VTOL combat aircraft project. 


With few exceptions, the above-mentioned projects can be divided 
into two categories: 

1) Aircraft which use the Bristol BE-53 ducted-fan engine and 

accomplish vertical or short take-off by means of jet deflection, and 


Aircraft which use several vertically-mounted Rolls-Royce lift 
engines for vertical or short take-off, plus a thrust engine(s) for 


to 


propulsion in level flight. 


The first category includes the Hawker P.1127 and the Nord- 
Aviation and Breguet projects, while the second covers the Sud- 
Aviation, Dassault and Entwicklungsring Sid designs. Germany’s 
Northern Group appears to be basing its studies on a large Pratt 


& Whitney turbofan engine. 


Meanwhile, Fiat is working on a transition design, consisting of a 
G.91 fitted with swivelling auxiliary jet engines on the sides of the 
fuselage rear to give the aircraft STOL qualities. 


Suggestions have recently been made in military circles that exist- 
ing single-seat combat aircraft, such as the Lockheed F-104, Dassault 
Mirage IIIC/E and possibly the Republic F-105, should be converted 
into V/STOL aircraft through the addition of swivelling lift engines 


in the fuselage or at the wing tips. Lockheed, for example, proposes 
fitting four swivelling General Electric jets—an advanced model of 
the J85-7—at the wing tips of the F-104, and the proposed conversion 
of the Mirage III would use one RB.168 or Pratt & Whitney JTF-10 
thrust engine plus six Rolls-Royce lift engines in the fuselage. In 
this way it is hoped that continued use can be made of proven systems 
and equipment, including the navigation and fire control systems, 
already installed in these Mach 2 models. The entirely new projects 
mentioned above (which incidentally would have lower maximum 
speeds) would necessitate the development of completely new equip- 


ment and systems. 


All the European projects fall into the 13,000 to 20,000-lb weight 
class; all are designed to take off after a short run with higher gross 
weights, and almost vertically (i.e., after a run equivalent to only a 
few aircraft lengths) with lower gross weight. True vertical take-off, 
such as that of the helicopter or the Nord/SNECMA Coleopter tail- 
sitter, appears to be aimed at in only a few projects. Except for the 
Hawker P. 1127, the prototypes of these aircraft will not be ready 
for flight testing for another two to three years. 


SURVEY OF CONTINENTAL EUROPEAN PROJECTS 








Company Powerplant 
Breguet 1x Bristol BE.53 (approx. 17,500 Ib thrust) 
Dassault 1x Rolls-Royce RB.168 (15,400 Ib thrust with reheat) plus 6 Rolls- 


Royce lift engines, or 
1x Rolls-Royce RA.29 plus 4 vertical Rolls-Royce lift engines 
1x Bristol BE.53 (approx. 17,500 Ib thrust) 
1x Pratt & Whitney turbofan engine 


1x Pratt & Whitney JTF-10 (12,800 Ib thrust with reheat) plus 
6 vertical Rolls-Royce lift engines 


Entwicklungsring Several Rolls-Royce RB.153 lift and thrust engines. 
Siid 


Nord-Aviation 
Nord-Gruppe! 
Sud-Aviation 





U.S.A. 


An entirely different approach has been followed in the United 
States, where the first U.S. Navy and Army design contests resulted 
in the realization that operational combat aircraft with vertical take- 
off capabilities would take longer to develop than had originally been 
thought. Last October, the USAF’s Tactical Air Command issued 
System Development Requirement No. 17 for a V/STOL low-level 
strike aircraft with long operating range. This aircraft must have a 
take-off and landing distance of under 900 yards for a gross weight 
of some 60,000 Ib, and take off almost vertically with a reduced load. 
It must be capable of crossing the Pacific non-stop as far as Southeast 
Asia at high altitude (maximum range 3,500 nautical miles) and then 
attack any required point target at low altitude and speeds equivalent 
to Mach 1.2. Maximum speed at high altitude should be Mach 2.4, 
and the aircraft should be capable of carrying out all-weather recon- 
naissance and destroying detected targets on the same sortie. 


Some of the companies working on studies for an aircraft of this 
category are Boeing, Douglas, North American and Republic. A 
similar project by Hiller Aircraft has also been mentioned, though 
it is not known whether this company will continue to work on 
SDR-17. A great deal of pioneering work in this field was done by 
Bell Aircraft with the X-14 experimental jet deflection aircraft. This 
experience was later incorporated in a Bell project for a tactical 
supersonic VTOL combat aircraft designated D-188A. However, the 
D-188 project was abandoned last year, after more than 500,000 
engineering hours and some $10 million had been spent on it. Bell 
is now reported to be designing a larger VTOL model in the 35,000 
to 40,000-lb weight class. 
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INTERNATIONAL 
MEETINGS AND CONFERENCES 


July 18th-19th: American Rocket Society, 
Liquid Rockets and Propellants Confter- 
ence. Columbus, Ohio. 


July 24th-Aug. Ist: British Gliding Associa- 
tion, 2nd National Gliding Week. Sutton 
Bank, Yorkshire ; Dunstable, Beds. ; Camp- 
hill, Derby. 

July 28th-29th: Seventh Annual Symposium 
on Computers and Data Processing. Estes 
Park, Colo. 

July 38ist-Aug. Tth: World Parachuting 
Championships, organized by the Aero 
Club of the People’s Republic of Bulgaria. 
Musatchevo, Sofia. 

Aug. Ist-3rd: Institute of Radio Engineers 
and U.S. Army Signal Corps, Fourth 
Global Communications Symposium. 
Washington, D.C. 

Aug. Sth-llth: American Astronautical 
Society, Western National Meeting. 
Seattle, Wash. 

Aug. Sth-12th: American Institute of Elec- 
trical Engineers, 1960 Pacific General 
Meeting. San Diego, Calif. 

Aug. 11th: Aircraft Nuclear Propulsion and 
Small Reactors Information Meetings. Oak 
Ridge, Tenn. 

Aug. 15th-20th: International Astronautical 
Federation, 11th Congress. Stockholm. 


Aug. 23rd-26th: Institute of Radio Engin- 
eers, Western Electronic Show and Con- 
vention. Los Angeles, Calif. 

Aug. 28th-Sept. 4th: World Aerobatic Con- 
test of the FAI, organized by the Czech 
Aero Club. 

Aug. 28th-Sept. 5th: National Aeronautic 
Association, 1960 National Air Rally. 
Orange, Mass. 

Aug. 31st-Sept. 7th: Tenth International 
Congress of Applied Mechanics. Stresa, 
Italy. 

Sept. 3rd-5th: International Centenary Air 
Rally, organized by the Aéro Club de 
France and the Aéro Club de Savoie. Aix- 
les-Bains. 

Sept. 5th-11th: SBAC Air Show. Farnbor- 
ough. 

Sept. 5th-17th: Ninth International Con- 

k gress of Photogrammetry. London. 

Sept. 6th-24th: ICAO Legal Committee, 
13th Session. Montreal. 

Sept. 8th: IATA Executive Committee, 
48th Meeting. Stockholm. 

Sept. 9th-12th: International Rally, organ- 
ized by the Popular Flying Association. 
Cranfield, England. 

Sept. 11th: International Landing Competi- 
tion. Saint Nicolas Waes, Belgium. 

Sept. 11th-25th: Second International Fair. 
Brno, Czechoslovakia. 

Sept. 12th-16th: IATA 16th Annual General 
Meeting. Copenhagen. 

Sept. 12th-16th: Second Congress of the 
International Council of the Aeronautical 
Sciences. Zurich. 

Sept. 14th-16th: National Association of 
State Aviation Officials, Annual Meeting. 
Jackson, Wyoming. 

Sept. 15th-16th: Armed Forces Chemical 
Association, 15th Annual Meeting. Wash- 
ington, D.C. 

Sept. 16th: IATA Executive Committee, 
49th Meeting. Copenhagen. 

Sept. 18th: Bulgarian Industry and Trade 
Fair. Plovdiv. 

Sept. 20th: IATA Composite and Joint 
Meeting of Traffic Conferences. Cannes. 
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The Mind of Mr. Reader 


The “Ordinary” Pilot and Test Flying 


Sirs, 


In Albatross’s “Notes from the Flight 
Deck” of your April number, there is raised 
a thesis of great importance both to safety 
and cost—namely that the test programme 
of new aircraft should involve flying by 
“ordinary” pilots. I would incidentally urge 
further that they should be manned by 
“ordinary” complete crews from time to 
time before design is frozen. 


The main argument, however, goes to 
matters of handling. There was a time when 
I, in the capacity of the average or “ordinary” 
pilot, used to fly new aircraft for the purpose 
of reporting on them simply as a pilot, i.e., 
virtually without regard to performance data 
or refined detail, merely to pass an opinion 
of their handling qualities. On several occa- 
sions, my opinion differed from that of the 
highly-qualified and sophisticated test pilot 
who had lived with the aeroplane since it 
was a mock-up. In some cases I found and 
was able to reproduce phenomena (occa- 
sionally of catastrophic potential) which had 
escaped the test pilot, presumably because 
he never thought any pilot would do the 
“ordinary” things I did. For instance, in an 
early cabin aeroplane I found that opening 
the door (as might easily be done either 
accidentally or by the folly of a passenger) 
caused some disastrous aerodynamics. It 
had never occurred to the test pilot that 
anyone would be fool enough to try this, 
although in fact it was not at all unusual in 
those days for doors to be opened in flight. 
In another case, I found that in a certain 
attitude of a power stall a flick half-roll was 
inevitable. The test pilot denied this until 
I went up with him and talked him into 
doing it: at which point he was considerably 
shaken. In yet another case, I suspected 
some awkward window reflections, and 
induced the test pilot to arrange for some 
night flying lights in day-time—and sure 
enough these lights appeared reflected in 
the windscreen in a highly dangerous manner. 
Had it not been for the consequent modifica- 
tions (after C. of A.) this aeroplane would 
have been a menace at night. 


In each of these cases, a great deal of 
money would have been saved if several 
pilots of “ordinary” competence had vigi- 
lantly flown the aircraft during its evolution. 

I am, of course, aware that prospective 
purchasers like to have their own pilots fly 
a new aeroplane, but I rather doubt whether 
circumstances in which this is done are such 
that constructive criticism can be made 
either early or strongly enough. 


London, W.1. Patrick Johnson. 


Standard’s Contribution to the SITA 
Programme 


Sirs, 
In the No. 4/1960 issue of “Interavia” 


there was an article on SITA by General 
L. M. Chassin. 


We are disturbed by the following para- 
graph:— 


“... The recently created Planning Section 
is in touch with the firms of Siemens and 
Philips and hopes, with their aid, to solve 
the problems of automatic reservation and 
fully automatic transmission within the next 
few months.” 


due to the fact that we ourselves are working 
very closely with SITA in their forward 
planning for fully automatic operation of 
their network. I would be grateful, therefore, 
if you could have a correction put into the 
next issue, either to add our name to those 
of Philips and Siemens or alternatively to 
reword it to cover “major European manu- 
facturers.” 


London, N.11 R.A. Meers 
Standard Telephones and 


Cables Ltd. 


Byrd's Flight to the North Pole 


Sirs, 


In publishing Professor Liljequist’s find- 
ings on Commander Byrd’s flight of May 
9th, 1926 to the North Pole you welcome 
your readers’ comments, and I gladly accept 
your invitation. 


Thirty-four years after a flight has been 
made, and three years after the death of 
the flight leader, seems a little late to begin 
a profitable analysis of all the details sur- 
rounding that flight. Surely at the time of 
so outstanding an undertaking as the first 
flight over the North Pole there must have 
been scientists of many nations who were 
interested in checking the results, and who 
would have spoken up had there been any 
glaring discrepancies. There is of course 
nothing new in disproving the accomplish- 
ments of the pioneers, not only of those 
who made their mark in the air. It can be 
shown for instance, if one is really keen, that 
in all probability Peary, the man recognized 
as first to walk to the North Pole, did not in 
fact reach that spot. Possibly one could also 
prove, with the aid of his pilot Mr. Bernt 
Balchen, who is still alive, that Byrd did 
not actually fly over the South Pole when 
he claimed to have done so. 


A thirty-four-year-old synoptic chart of 
the Arctic, based on observations from the 
few stations then existing in the Arctic 
regions, is not a very convincing form of 
evidence. We know from present day 
experience, with all the resources of an 
intricate international network, that meteo- 
rological forecasts, though reliable in general, 
can on occasion be profoundly wrong. There 
are surely more profitable and more pressing 
fields for meteorological investigations than 
Byrd’s flight. 


When anyone takes it upon themselves 
to exhume a body, they should be quite 
clear beforehand what benefits to the world 
and to humanity at large are likely to 
spring from a long-deferred post-mortem. 
Byrd was not an empty pretender like Dr. 
Cook who said that he had been to the 
North Pole well knowing that he had been 
nowhere near it. Byrd was in fact a famous 
and respected international figure and one 
of America’s leading airmen. When he took 
off and flew over an ice-wilderness for many 
hours and came back to his starting point 
in Spitzbergen he believed he had been 
over the North Pole, and no dissenting 
voice was raised. Is it therefore just or 
profitable that Professor Liljequist at this 
extremely late date should set out to 
belittle Byrd’s pioneering achievement? 
Would the proposed committee of aero- 
nautical and meteorological experts, which 
Liljequist proposes, be justified in rewriting 
aeronautical history in order to satisfy the 
theories of meteorology? 


Chesham, Bucks. John Grierson. 
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Bristol Aerojet process produces gas storage vessels of high energy/weight 
ratio fora great variety of specialised applications 


Bristol Aerojet, specialists in the design and manufacture of high 
tensile welded components, have developed a wide range of pres- 
sure vessels. The process produces gas storage vessels, of very 
advanced design with an exceptionally high energy/weight ratio, 
which operate with great reliability. 

The vessels, which have been approved for operation under 
ARB and military conditions, are suitable for many specialised 
applications ranging from aircraft, guided weapons and tanks, to 
liferafts, fire extinguishers and escape chutes. In fact, Bristol 
Aerojet pressure vessels can be designed for any system which 
requires gaseous energy, especially where efficient operation is 
vital and where space restrictions demand maximum energy 
supply with minimum bulk. For they pack more energy into less 
space for less weight than any other type of gas storage vessel. 

Made of chrome molybdenum steel, the vessels are welded by 
the argon shielded tungsten are process and heat treated to a 
minimum ultimate tensile strength of 75 tons per sq in. All vessels 
are examined several times during manufacture, both visually and 
radiographically, to ensure the highest standards of welding. These 
are only two examples of the many stringent quality controls 
which are performed during manufacture. 

The vessels range from 10 to 2,000-cu-in capacity and are made 
in a very large number of specified shapes: spherical, cylindrical, 
annular, and toroidal. 


Bristol Aerojet pressure vessels show a weight saving of at least 
5 Ib per 500 cu in and as much as 50°, when compared with forged 


vessels. 





Bristol Aerojet pressure vessels have been supplied to a large 
number of companies including the following :— 


CIVIL AND MILITARY AIRCRAFT APPLICATIONS 

Bristol Aircraft Limited British Messier Limited 

British Aircraft Corporation The Pyrene Co Limited 

Short Brothers & Harland Limited 
Vickers-Armstrongs (Aircraft) Ltd 


Graviner Limited 
Hawker Aircraft Limited 


GUIDED WEAPONS APPLICATIONS 
Bristol Siddeley Engines Limited 

De Havilland Propellers Limited 
Fairey Aviation Limited 


R.A.E. Farnborough 
A. V. Roe & Co Limited 
Saunders- Roe Limited 


ASPIRATED SYSTEMS 
Frankenstein Limited 
Walter Kidde Co Limited 


Normalair Limited 
R.F.D. Limited 














BRISTOL AEROJET 
ae — 





If you would like further information about Bristol Aerojet pressure vessels or high tensile steel welded components, please write to:— 
P. W. LAWSON, CIVIL SALES MANAGER BRISTOL AEROJET LIMITED, BANWELL, WESTON-SUPER-MARE, ENGLAND. TELEPHONE : BANWELL 250 
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y Ten airlines have decided to offer 
A 


ye 


their passengers the ultimate in 
comfort and speed. 

For this reason, they have 
adopted the ideal aircraft for 
short and medium stages. 


SUD AVIATION 


37. BOULEVARD DE MONTMORENCY. PARIS 16 TEL: BAG. 84-00 


* CARAVELLE registered trademark, the property of SUD-AVIATION 

















S.C.5...designed by Short Brothers & Harland Ltd. 


Dunlop are proud to be associated with the supply of 
Tyres, Wheels, Brakes and Operating Equipment for this 
new generation of high-performance British aircraft. 


DUNLOP 


DUNLOP RUBBER CO. LTO., AVIATION OIVIStoNn, COVENTRY, ENGLAND 





DEPOTS AND DISTRIBUTORS THROUGHOUT THE WORLD 


HCD26/AV, 
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playing a dual réle... 


. as an interceptor and ground attacker are those aircraft equipped with 

AIRPASS II, the new Fefranti dual purpose radar fire-control and navigation system. 

For both ground attack and interception the navigation system is fully integrated with 
the radar and fire-control equipment. 

AIRPASS II can be used with guns, rockets, guided weapons and all types of bomb. 

Developed from the AIRPASS system now in full production for the Royal Air Force,, 
AIRPASS II is specified for the export versions of the English Electric ‘Lightning’, the 
Dassault ‘Mirage’ III and the SAAB ‘Draken’. 








INTERCEPTION GROUND ATTACK 


@ RADAR SEARCH @ GROUND MAPPING 


@® AUTOMATIC TARGET TRACKING @ CONTOUR MAPPING 
@ COMPUTER CONTROLLED APPROACH @ TERRAIN CLEARANCE 
@® BLIND OR VISUAL ATTACK @ BLIND OR VISUAL ATTACK 




















* Ferranti are also producing a radar for the Royal Navy's Blackburn NA.39 Strike Aircraft. 


[alerranti 


FERRANTI LTD., FERRY ROAD, EDINBURGH 5, SCOTLAND 


Telephone: DEAn 1211 
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KEARFOTT produces 


precision floated gyros 











for the!|Polaris!| missile. 





Engineers: Kearfott offers challenging 
opportunities in advanced component and 
system development 





KEARFOTT DIVISION [Dp GENERAL PRECISION, INC. 


Little Falls, New Jersey 
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BOEING 
V1 A 





WORLD'S 
NEWEST 


GROUND CREWMAN, SIGNALING WITH LIGHTED WANDS, DIRECTS A BOEING 720 INTO PARKING AREA 


It’s new, sleek, fast ... designed specially to 
serve cities not now on the jet-travel map, as 
well as major centers. The pure-jet 720 cruises 
at more than six hundred miles an hour and 
operates easily from shorter runways. It is the 
newest jet by Boeing, world’s most experienced 


builder of jetliners. The 720, now in United Air 
Lines service in the U.S., brings operators the 
advantages of extremely high initial utilization 
and unprecedented passenger appeal — as de- 
monstrated by Boeing jets already in service. 


e BOEING F20 
. 








See — May 














AT © r N 0 A one of the European Common Market's great maritime centres, 
THE PORT AUTHORITY 


is constructing an airport next to the maritime harbour to create the ideal 
link between air and sea transport. 


The first, temporary, runway for light aircraft and tourist traffic is already 
in operation, together with the appropriate airport services. 


Apply : 
CONSORZIO AUTONOMO DEL PORTO DiI GENOVA 


Telephone : 2090 — Telegrams : Portautonomo Genova 











O Air terminal Piazza San Marco 


THE NEW INTERNATIONAL AIRPORT «MARCO POLO> 
ON THE SHORES OF THE LAGOON OF VENICE 


A link in the important airway system between EUROPE, MEDITERRANEAN and the EAST COUNTRIES, at the crossroads 
of the air routes for ROME - MILAN - ZURICH - MUNICH - BELGRADE - ATHENS 


* PROVVEDITORATO AL PORTO VENEZIA x 





798 





ORD-AVIATION 


Manufacturers of SS.10 & §S.11 anti-tank missiles 


CHATILLON - s/s - BAGNEUX (Seine) 
2 a 18, RUE BERANGER - Tel. ALE. 57-40 
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for the 


transport of 











799 











Only the VANGUARD 


paces pure jets at turbo-prop cost 
on short and medium haul routes 


London-Hamburg 
470 miles in 1 hour 13 minutes at 386 m.p.h. (a route record), 


tailwind 17 m.p.h. 


Hamburg-London 
1 hour 21 minutes (including a G.C.A. approach), headwind 


25 m.p.h. 


London-Brussels 
230 miles in 45 minutes at 309 m.p.h., headwind 5 m.p.h. 


Brussels-London 
45 minutes, wind zero 


London-Rome 
955 miles in 2 hours 27 minutes at 386 m.p.h. at I.S.A. + 5°C. 
Wind zero (3 minutes faster than current pure jet schedule). 


Rome-London 
2 hours 35 minutes (including 10 minutes in the stack), headwind 
12 m.p.h. 


London-Paris 
224 miles in 41 minutes. Winds light to zero. 


Paris-London 
54 minutes (A.T.C. delays), headwind 5 m.p.h. 


PROOF of Vickers’ claim that the VANGUARD would achieve 
pure-jet block times on short and short/medium routes has now 
been firmly established. 

The times given in the table for stages up to 955 miles were 
achieved on commercial routes under actual route operating 
conditions. On the London-Rome flight the VANGUARD’s time 
was 3 minutes less than the current four-engined pure jet schedule. 





Of all the airliners 
only the Vanguard 
has all these features 








Jet-competitive speed comes from the VANGUARD’s ability 
to utilise a realistic and genuine cruise speed of over 400 m.p.h. 
at all altitudes between 5,000 ft and 30,000 ft. This is clearly 
shown on the cruise performance chart. A further result of this 
speed/height flexibility is a very low cost differential between 
routeings at widely differing altitudes. On a 500-mile trip, for 
instance, the difference between routeing at 10,000 ft and 20,000 ft 
(the most economical) is only $44. On the Rome-London flight 
the ten minutes’ stacking over Epsom—due to heavy traffic— 
would have cost $70 with a pure jet. With the VANGUARD 
which stacked low, the cost was only $40. 

On short and medium haul only an exceptionally fast jet could 
beat VANGUARD block times. No jet can compare with its 
remarkable operating economics. No jet can compare with its 
cheap-fare potential. 





















































Altitude feet 
30,000 = 
Speed can be 
maintained 
20,000 whatever the 
| altitude 
routeing 
y instruction 
10,000 
0 
Cruise airspeed 
340 380 420 460 1». p. h. 











425 m.p.h. cruising. Freight capacity 10 tons at normal densities. Full 
routeing and A.T.C. flexibility. Can use normal existing airfields. 
Quick turn-round. No airfield noise problems. Ten years’ unique 
Vickers/Rolls-Royce turbo-prop experience... And it is ‘Viscount’ 
quiet. 


vevers VANGUARD 


FOUR ROLLS-ROYCE TYNE TURBO-PROP ENGINES 


The airliner with the biggest profit potential ever offered to the operator 


VICKERS-ARMSTRONGS (AIRCRAFT) LIMITED 


WEYBRIDGE SURREY 
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in the age of 


Kléber-Colombes 


is the first in Europe to offer 


LAMINATED TYRES 





Layers of fabric with superimposed 
nylon cord are incorporated in the 
tread by a patented procedure. This 
gives a sufficient thickness, without 
the risk of scuffing, to ensure long 
life despite the wear due to high 
aircraft speeds. 


Laminated treads on jet tyres 


* INCREASE SAFETY 
* CUT OPERATING COSTS 











ORLY Eg ORI ET 


Kléeber-Colombes 
Aviation 


6, Avenue KLEBER + PARIS-16¢ 


<\ 








SYMBOL OF QUALITY 
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ALL WE CAN 
OFFER THE 
AIR CARGO 


INDUSTRY IS A 


PRACTICAL WAY 
Oa ta 





CANADAIR CAN PROVE TO YOU THAT: 


YOUR piston powered passenger carrying aircraft 
now rendered obsolete by new equipment, and 
being considered for use in cargo operations, or 
already actually converted can be completely 
removed from fleet inventory and written down to 
zero book value in three years; 


ONE THIRD the number of Canadair Forty Fours 
will carry out your cargo requirements at such a 
profit that they will absorb all expenses incurred 
in the retirement transaction, plus any earnings 
your piston engine aircraft would have realized 
during these three years; 


AFTER THESE THREE YEARS, the Forty Four operat- 
ing profit curve will climb steeply. The difference 
in profit potential for the following years is sub- 
stantial. 


Any consideration of a specific example requires certain 
assumptions regarding scheduling, future rates, and load 
factors, but, under a representative set of conditions 
our analysis indicates: —that a fleet of 25 piston powered 
aircraft currently being converted into cargo carriers, 
could be replaced and retired by a fleet of 8 Forty 
Fours. The above assumptions and statements are 
based on the unlikely premise that cargo rates will 
remain at present levels. If they are reduced, as seems 
inevitable, the situation will favor the Forty Four even 
more strongly. 


THE FORTY FOUR. The Canadair Forty Four, 
with its combination of low direct operating costs, high 
block speeds and large payload capacity, is the world’s 
most economical cargo aircraft. Delivery schedules can 
be arranged to introduce the Forty Four into airline 
service fourteen months from contract agreement. 


CAN ADAIRP mites, montreat, canaoian sussioary or GENERAL DYNAMICS 


J. H. Davis, European Representative, Canadair Ltd., Princes House, 190 Piccadilly, London W. 1, England 











Sales 
and Service 


Offices: 


HONEYWELL G.m.b.H., 
AUSTRIA 

Vienna 

Innsbruck 


HONEYWELL S.A., 
BELGIUM 

Brussels 

Antwerp 

Bruges 

Charleroi 

Ghent 

Liege 

Luxembourg 


HONEYWELL A/S, 
DENMARK 

Copenhagen 

Aarhus 


HONEYWELL S.A.R.L., 
FRANCE 
Paris 


HONEYWELL G.m.b.H., 
GERMANY 

Frankfurt 

Bad Godesberg 

Berlin 

Diisseldorf 

Hamburg 

Hanover 

Miinchen 

Stuttgart 


HONEYWELL 
CONTROLS LTD., 
UNITED KINGDOM 

London 

Belfast 

Birmingham 

Cardiff 

Dublin 

Glasgow 

Leeds 

Manchester 

Middlesbrough 

Sheffield 


HONEYWELL N.V., 
NETHERLANDS 

Amsterdam 

Hengelo 

Rotterdam 


HONEYWELL A.B., 
SWEDEN 


Stockholm 
Falun 


Sundsvall 


HONEYWELL A.G., 
SWITZERLAND 
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MSLS 





HONEYWELL 

MEETS JET AGE 

WITH NEW TRANSISTOR 
INSTRUMENT LINE 


FQG Fully transistorized Fuel Quantity Gaging Systems, light 
weight Tank Unit Probes for all applications. Characterized for linear 
dial presentations. Automatic Fuel cycling, refueling and center of 
gravity control. 


TLS Light weight, reliable Thermister Level Sensing Systems for 
fuel sequencing and low fuel level warning. 


CLS Capacitance Level Sensing System for automatic fuel con- 
trol, oil level sensing and propellant loading. Applicable to most 
liquids and cryogenic fuels. 


EGT Fully transistorized Exhaust Gas Temperature Indicating 
System. One half of one percent accuracy. Over-temperature warn- 
ing, time/temperature recording and integrating. 


TEMP Fully transistorized Temperature Indicating System for 
operation with standard AN resistance bulbs. Cabin air temperature, 
engine inlet temperature, cylinder head temperature, oil tempera- 
ture. 


LOX Fully transistorized Liquid Oxygen Indicating System and 
lignt weight characterized probes. Applicable to many cryogenic 
liquids. 


EPR Engine Pressure Ratio for accurate jet engine thrust control 
and cruise control. Similar pressure devices for altitude and Mach 
control. 


AFCS Honeywell offers a number of Automatic Flight Control 
Systems for multi-mode military applications plus less complex sys- 
tems for other military and commercial uses. These systems include 
both linear and adaptive types for both aircraft and missiles. 


GYRO Honeywell offers the world’s most complete line of floated 
and non-floated gyros and accelerometers. Applications range from 
low cost air-to-air missiles, through aircraft controls, to the most 
precise space requirements. 


TOM Automatic Take Off Monitor Systems to insure safe aircraft 
operation during critical take off phase of flight. Provides warning of 
deficient aircraft performance in time to insure a safe stop on the 
runway. 


MSLS The Honeywell-Atkins Maximum Safety Light System in- 
sures greatest aircraft conspicuity during day and night flight opera- 
tidns. Provides information on direction, attitude and relative range. 


Honeywell 
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more POWER 





p CC N () S [ The de Havilland GNOME Turboshaji Unit. 


The ubiquitous Westland Whirlwind has now been ordered in quantity in its latest, turbine 
powered, version for the Royal Air Force. In addition a large number of piston engined 
Whirlwinds now in service are to be converted to turbine power. 


Powered by a single de Havilland GNOME turbine engine, of 1000 s.h.p. it offers significant 
increases in performance, weight saving, engine life and operational readiness, as well as 


reducing vibration and noise. 


As a type, the Whirlwind has behind it more than 1,000,000 hours of combined British and 
American operating experience. 


Recent development progress means that this aircraft can be made available to civil and 


a “athe? 

ERY SORES PONRINE Hy Smee de Havilland GNOME Turboshaft Unit, or 
Alvis Leonides Major Piston ‘Engine, or 
Pratt and Whitney R.1340 Piston Engine. 


WES ILA ND the initia name in HELICOPTERS 


WESTLAND AIRCRAFT LIMITED YEOVIL ' ENGLAND 


incorporating SAUNDERS-ROE DIVISION, FAIREY: DIVISION AND BRISTOL HELICOPTER DIVISION 
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DESIGNED TO MEET FREE WORLD DEFENSE NEEDS: 


NORTHROP N-156F 


FREEDOM FIGHTER 


NORTHROP T-38 


JET AGE TRAINER 










two reliable and economical aircraft powered by 


General Electric’s reheat, piloted J85 engine delivers more 
than 3850 Ibs thrust, yet weighs only 525 Ibs. With its 
excellent 7 to 1 power-to-weight ratio and low SFC, the 
proven J85 permits greater aircraft performance... improved 
mission capability. For more detailed information, contact 
General Electric Company, 1, Rue du Temple, Geneva, 
Switzerland. 186-41 





Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 


U.S.A. 
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The ENGLISH ELECTRIC Lightning is one of the 
most advanced fighters in the world. Even 


FOR iTS FUTURE so it is clear that the basic design has further 


great potential development—not only in 


DEVELOPMENT performance, but also in adaptation to other 
operational roles. This built-in stretch offers 
POSSIBILITIES. lay economies of production and operation, 
as well as ensuring that, tactically 
speaking, it can be adapted to meet any 


situation which may arise 
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The Manned Bomber... Key to Deterrent 
Strategy and Disarmament Proposals 


The first week in June saw the resumption of the Geneva 
ten-nation disarmament talks, which had been suspended for 
six weeks to await the outcome of the Summit conference. 
How far the outcome of this ill-fated “conference that never 
was” will help the negotiators in Geneva is another question 

but talks at any rate will go on. Anyway, disarmament 
conferences are traditionally successful only so long as dis- 
cussion remains on a general level; as soon as questions of 
detail arise—such as control measures—the story is usually 
a different one. But more of that later. 

The Geneva disarmament committee is mentioned here 
because it is now examining the latest Soviet disarmament 
proposals. These represent a considerable departure from 
earlier proposals, in that they place the main emphasis on 
the banning not of atomic weapons, but of their means of 
delivery. The first measure listed in the three-phase Russian 
plan calls for: 


e@ The abolition of all carrier vehicles—strategic or tactical 
rockets, aircraft, surface vessels and submarines— which 
can be equipped with nuclear weapons... and a ban on 
nuclear-weapon-carrying satellites. 


Proposals which have formed the central pivot in earlier 
disarmament plans (the banning of the production of atomic, 
chemical and biological weapons, limitation of conventional 
forces, etc.) have been relegated to the second and third 
phases of the new Russian plan. Needless to say, however, 
Russia continues to demand the earliest withdrawal of all 
troops from foreign countries and the complete liquidation 
of bases in foreign territory. This demand remains so to speak 
the /eitmotiv of Russian diplomacy. 


* 


But discussions concerning the means of delivering atomic 
weapons have not been limited to Lake Geneva; they have 
also been taking place beside the Potomac and the Thames. 

During his recent visit to Washington, Britain’s Defence 
Minister Harold Watkinson agreed with his American 
colleague Thomas S. Gates on a programme to equip the 
strategic bomber units of both countries with the United 
States Douglas Sky Bolt air-launched ballistic missile, and on 
the joint use of U.S. and British bomber bases throughout 
the world. 

Some idea of the air-launched ballistic missile and its 
significance for the manned bomber is provided by the pre- 
sent issue of /nteravia, in such articles as “A Rejuvenation 
Treatment for Subsonic Bombers” and “‘Sky Bolt, Blue Steel 
and the V-Bombers,” to mention only these two titles. It will 
be recalled that the manned long-range bomber has been 
passing through a grave crisis during the past few years, and 
many people had begun to believe that its days were numbered. 
When the long-range surface-to-surface ballistic missile was 
given such pride of place in the 1957 and 1958 British White 
Papers on Defence, the manned bomber’s state of health 
appeared to be so precarious that a long parade of “‘mourners”’ 
began to form—aircraft and engine manufacturers in both 
the Old and the New World, who were deeply concerned 
about the future of their order books. 


Without question the convalescence of the manned strate- 
gic bomber now heralded is one of the most surprising 
developments of the past few months. And paradoxically, the 
bomber owes its new lease of life to technical advances in the 
very ballistic missiles which had seemed destined to sound 
its death knell. The accuracy of ICBMs has increased to such 
an extent that the wisdom of installing static missile launching 
sites, threatened as they would be by enemy ICBMs, appears 
more than doubtful. There has thus been a general “escape 
into mobility” —a rush to equip with missile-launching sub- 
marines, long-range missiles mounted on railway flatcars and 
cross-country vehicles, and the newest comer . . . the ballistic 
missile launched by the long-range bomber. 

Next, in order to preserve these ““bombers without bombs” 
or flying missile cruisers from enemy surprise attacks by con- 
stantly changing their bases, the British and American defence 
ministers are discussing the joint utilization of the USAF and 
RAF networks of bases and of the U.S. jet tanker fleet. In 
this way both the 1,500 or more USAF strategic bombers and 
the RAF’s 200 V-bombers would have global mobility, and 
each of the two air forces would be in a position to deliver 
reprisal blows at any time and from any direction. 

It goes without saying that a good deal more than the 
signature of two ministers is required before the United 
States and Britain can share the task of ensuring a round- 
the-clock and round-the-world H-bomber alert; communica- 
tions and command systems must be coordinated, in-flight 
refuelling methods standardized, logistic services coordinated 
and improved, and above all joint use of supply bases agreed 
upon. 

Finally, but by no means of least importance, the two 
countries’ training staffs will have to work closely side by 
side in order to ensure that their flight crews and ground 
personnel are properly acquainted with the requirements of 
Sky Bolt operations. 


* 


Manned bombers and air-launched ballistic missiles may well 
form one of the basic weapon system concepts during the 
coming decade... unless the disarmament talks mentioned 
above achieve some measure of success. But the success of all 
efforts at disarmament depends on universal acceptance of an 
effective control system. On this point, history suggests that 
the outlook is less than bright. The disarmament commission 
set up by the old League of Nations in the conciliatory 
atmosphere which followed on the 1926 Locarno Pact was 
finally forced to admit that ‘‘any form of supervision or 
control of armaments by an international body is more cal- 
culated to foment evil and suspicion between States than to 
foster international confidence.” 

And turning the pages of the history books back another 
century and more, to the morrow of the Napoleonic Wars, we 
find Czar Alexander I of Russia proposing a general reduc- 
tion in armed forces—at a time, incidentally, when Russia 
was the only country still maintaining her armies on a war 
footing—and Prince Metternich commenting that in view of 
“the difficulty always of obtaining any true data from Russia 
...to take the initiative here, uncertain of a reciprocity of 
confidence, would be impossible.” ++ 
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A Rejuvenation Treatment 
for Subsonic Bombers 


i. his last State of the Union Message, 
President Eisenhower revealed to the Ameri- 
can people and the world the accuracy of 
Strategic Air Command’s first ICBMs. Over 
a dozen launchings had shown that Aflas 
missiles falling into the ocean 5,000 miles 
from their launching pads at Cape Canaveral, 
were missing their targets by only two miles. 

Two weeks later, a communiqué from 
Moscow announced that a Soviet rocket had 
missed a target 7,767 miles away from its 
launching pad by as little as 1.24 miles. This 
spectacular performance was, it is true, some- 
what disputed, and it was suggested that an 
error of about ten miles would, on the whole, 
be a more probable figure. But what is more 
important, the experts all agree that accura- 
cies of this order can now be obtained regu- 
larly. Although even at the outset of research 
into the theory and techniques of ballistic 
missiles there was no doubt that results of 
this kind could be achieved, the progress 
since made in the guidance field has been more 
rapid than originally thought possible: the 
successive phases of a strategy which was 
expected to develop slowly have been tra- 
versed within a few months, and defence plan- 
ners are now faced with an entirely new 
situation. 

Ever since the advent of the nuclear 


explosive, the major preoccupation of military 
Staffs has been to ensure that the reprisal 


Hardened, underground launching silos—here for Minutemen 


By General P. M. Gallois, Paris 


forces survive the devastating effects of a 
surprise attack which could be initiated and 
almost brought to a conclusion before the 
defence had had time to react. 


The constant and rapid improvement of 
missile accuracy and reliability, and the in- 
crease in explosive yield, have invalidated all 
forecasts and made it necessary to forge ahead 
without respite. Before it has even been tested 


_ operationally, the static missile which cannot be 


put underground has been found too vulnerable 
and must be abandoned. The performance of 
Soviet experimental missiles has determined 
the characteristics which Western missiles 
must have before they can become operational. 
The race is being pursued hotly, and many 
are the fallers by the wayside. 


Taken at short notice, the West has found 
the answer to the problem in the air-to-surface 
missile, which is giving a new lease of life to 
its subsonic carrier aircraft. In passing from 
conventional rockets such as Hound Dog to 
the Sky Bolt type of ballistic missile, is the 
USA merely developing an interim strategic 
formula, or does she intend to ensure the 
future of the aircraft as a missile-launching 
platform ? 


Balance of invulnerability 


If the United States and the USSR each 
managed, at one and the same time, to provide 


























reduce the vulnerability of reprisal weapons. 





themselves with invulnerable reprisal forces, 
and if each country was fully aware of the 
invulnerability of the other’s deterrent system, 
the balance between them would be perfectly 
stable as far as their vital interests were 
concerned. And this stability would last until 
a new weapon gave one the advantage over 
the other. As long as the balance existed, 
neither of the two giants would be able to 
resort to force, or even to the threat of force. 
In such a case, the only target left for either 
country would be the adversary’s cities. Not 
only would the aim of any aggressor be 
restricted to the destruction of the enemy’s 
built-up areas, but such an attack would 
automatically unleash similar reprisals; the 
use of force by one state would result in the 
use of force by the other and in universal 
devastation mutually inflicted and suffered by 
both alike. And who can believe that any 
government would run the risk of an abrupt 
return to the conditions of medieval warfare 
for the sake of territorial aggrandizement or 
the more rapid dissemination of its ideology ? 
Use of a thermo-nuclear arsenal could be 
conceived of only as a last resort, in a case 
where a government preferred annihilation 
to subjection and chose destruction rather 
than enslavement—always assuming that any 
government would be strong-minded enough 
to adopt this course of action. 


Thus the laws of the ballistic missile era 
place the “Big Two” in a somewhat para- 
doxical situation: 


— if one country failed to ensure the in- 
vulnerability of its thermo-nuclear force, it 
would have to come to terms with the 
other, accepting any conditions which the 
latter might choose to impose. 


— if, however, both sides succeeded in render- 
ing their reprisal forces invulnerable, the 
deterrents of both would be neutralized, 
and there would no longer by any use for 
them unless, perhaps, one of the colossi 
were to threaten the very existence of the 
other. Moreover, the practice of presenting 
the world with a fait accompli would have 
to be accepted, since it would not be subject 
to punitive action. What risk would the 
United States run in moving her forces into, 
say, Afghanistan, or the USSR in gaining a 
foothold in Cuba, if, firstly, the govern- 
ments of Afghanistan and Cuba requested 
such assistance and, secondly, the only 
counter-measures that could be taken 
would lead to mutual and total extinction? 











In actual fact, there is no symmetrical 
balance of the kind just mentioned. Since 
United States strategy is strictly defensive — 
during the period when America had the 
monopoly of atomic weapons, she could have 
practised, almost with impunity, the most 
audacious of “roll back policies’ —Washing- 
ton is faced with the following dilemma: If 
American technicians and strategists were 
unable to guarantee the survival of SAC’s 
ICBMs and the Navy’s IRBMs, it would be 
necessary to take account of the USSR’s 
wishes even if the latter country were not yet 
in possession of completely invulnerable 
offensive missiles. But if each side were aware 
of the perfect invulnerability of the other’s 
means of retaliation, and if the two countries 
wished to play a leading role in world affairs 
and practise a policy of “‘showing the flag,” 
such a policy would have to be based on 
means other than missiles stowed out of 
harm’s way in their silos or in the flanks of 
their carrier submarines. 


The strategic effect of increasing accuracy 


Not long ago military staffs estimated that, 
to destroy airfield facilities and aircraft on the 
ground at a distance of 4,500 miles, the enemy 
would have to launch against the target about 
a dozen missiles, each with a two-megaton 
warhead. A few months later, the improve- 
ment in the accuracy and reliability of the 
missiles led to a reduction in the number of 
offensive missiles which would be required to 
hit a given target; this was now estimated at 
four to six. But if the respective performance 
figures announced by Eisenhower and Krush- 
chev are applied to the destruction of aircraft 
at an airfield whose exact geographical 
coordinates are known, and the required 
probability of success is 90 percent, with a 
radius of accuracy of the order of 0.05 percent, 
the number of missiles to be launched varies 
from | to 3 according to the reliability figure 
which is accepted. 

At one time the enemy’s resources could be 
saturated by increasing the number of air 
bases so as to force him into the position of 


To camouflage bomber and missile attacks, SAC will lead the enemy astray with jet-powered decoys 
which, launched into the attacker’s approach path, give the same radar echo as a heavy bomber. 






























Picture shows a McDonnell GAM-72 Quail shortly after leaving its Boeing B-52 mother aircraft. 


needing more missiles than he _ possessed. 
This is now no longer possible; for as soon as 
the number of targets which it is imperative to 
destroy and the number of missiles to be 
launched to obtain this result are in a ratio 
approaching unity, a solution other than the 
multiplication of targets must be found. 

For some time it was hoped to achieve a 
substantial improvement in the missile/target 
ratio by replacing the airfield by the missile 
site. Here the objective was practically a point 
target,and it was doubtless —though only under 
certain conditions—less vulnerable to blast 
and heat effects from the air burst of the 
enemy missile. But it very soon became 
necessary to abandon the open-air site for 
that hardened by reinforced concrete, and 
finally for the underground silo. Withstanding 
overpressures of more than 100 psi, under- 
ground missiles like the Titan were designed 


The two-stage Martin SM-68 Titan ICBM, at present the USA’s most 


powerful ballistic weapon, has alaunching weight of 220,000 Ib and carries a 


7-megaton warhead: a launching at Cape Canaveral. 


to re-establish a missile/target ratio favour- 
able to the defence. At the end of 1958, 
certain USAF experts estimated that if 
Soviet missiles should one day achieve an 
accuracy equal to 0.05 percent of their range, 
some 14 missiles, each with a 2-megaton 
warhead, would be necessary to destroy a 
single Titan missile silo with a 90 percent 
degree of probability. If, therefore, the silos 
housing the Titans were sufficiently dispersed 
so that the destruction of one did not impair 
the operation of any of the others, over 1,000 
Russian ICBMs would have to fall almost 
simultaneously on the some hundred Titan 
silos envisaged at that time. The ratio of 14 to 
1 was the more favourable to the defence in 
that these hundred silos would not constitute 
the USA’s entire reprisal forces, and any 
aggressor would at the same time have to 
attack the air bases of SAC, aircraft carriers, 


“Hardened sites,” i. e., reinforced underground launching silos, are being built for the operational 
Convair SM-65 Atlas ICBM. 



























































““A spy unmasked”: the Lockheed U-2 


In future the U-2 will take photographs from outside the airspace of the Eastern block, though its high service 
ceiling of approximately 100,000 ft enables it to see far over Eastern territory. Powered by a fuel-saving Pratt & 
Whitney J75-P-13 jet engine in the 16,000 Ib thrust class and carrying jettisonable auxiliary fuel tanks, the U-2 
can cover ranges of up to 3,500 n. m. in stratospheric flight, at cruising speeds of about 400 knots. It has a high 
aspect ratio wing with a span of 80 ft, and a fuselage with a length of 49 ft 7 in. Its gross weight is roughly eight 
tons. In the fuselage nose are several glass ports, behind which are installed cameras and other reconnaissance 
equipment. The pictures below show some details. 





Of light metal construction, the U-2’s mid-set wing has ...and has a streamlined skid at each tip; to save 





weight, the undercarriage has been restricted to a single 


a span of 80 ft... 
strut with dual wheels. 


—— 





At take-off, the main undercarriage is supplemented by 


The only identification marks on the U-2 long-range 
reconnaissance aircraft are the inscription NASA and two auxiliary undercarriages under the wings; these 


a five-digit number on the tail fin. fall away when the U-2 is airborne. 

This is how the U-2 sees the San Diego, Calif., Naval Air Station from a height of 13 miles: the aircraft carrier 
USS “Boxer,”’ carrier-borne aircraft with folded wings, seaplanes, and even the stripes on the parking areas are 
clearly distinguishable. 
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Polaris-equipped submarines, allied aircraft 
etc. 


But the accuracy and reliability of the 
offensive missile can still increase. If cal- 
culations are based on an ultimate accuracy 
of 0.01 percent of range, a reliability of 80 
percent and a given area of crater produced 
by surface burst, it can be estimated that, even 
if aimed at a silo 4,500 miles away, three 
missiles with warheads of only one megaton 
each would suffice to destroy an underground 
missile with a probability of 90 percent. (In 
making this calculation it has been assumed 
that the effective zone of destruction includes 
both the crater itself and the plastic zone 
surrounding it, which is roughly equivalent 
to doubling the radius of the crater). If things 
ever came to such a pass, the attacker’s 
accuracy would win the day over the defence’s 
resources. 


The Pentagon doubtless considers that the 
ratio of 3:1 is insufficient, and that the 
defence must do better than this. Assuming 
that the United States were in future to have 
at its command some 200 hardened under- 
ground sites, about 500 or 600 missiles 
would be enough to render most of this 
reprisal force harmless. Each of the attacker’s 
missiles would, of course, hollow out a crater 
with a volume of over 140 million cubic feet, 
throwing up some 6 million tons of earth and 
rocks. Part of this débris would become 
radioactive, orbiting around the earth, and no 
one would be immune to its effects. Experts 
have argued that the prospect of receiving at 
least a part of such a radio-active dose would 
not be enough to discourage an aggressor. 
Capable of protecting himself from fall-out, 
he would fear it far less than thermo-nuclear 
retaliation, even in the form of no more than 
a hundred missiles destroying his densely- 
populated areas with their blast and fire. But 
the survival of these hundred missiles would 
still have to be assured. And the technology of 
the offensive missile appears to be developing 
fast enough to force the defender to constantly 
adopt new measures. Even if it were buried 
deep underground in a silo which would 
shelter it at least partially from the ground 
shock wave resulting from the surface burst of 
a powerful nuclear warhead, a static missile 
such as the Titan would represent but a phase 
in the evolution of this incredible species of 
weapons. 


This phase, despite its resemblance to the 
‘““Maginot” concept, despite its costliness and 
the risk of its being condemned because of 
its assumed vulnerability, nevertheless has its 
advantages. Firing accuracy is high, com- 
munications are swift and sure, response time 
can be relatively short, and finally, with its 
7-megaton warhead, the Titan is the most 
powerful of the USAF’s operational missiles. 
Above all, however, the underground missile 
can be defended once the anti-missile missile 
is available. And this defence will be easier 
to ensure than that of a built-up area, which 
is vulnerable to an air burst. In order to 
protect a missile in a hardened underground 
silo, the enemy’s ballistic missile need not 
be intercepted until before it reaches the 
ground. From the moment the missile is 
intercepted and there is no surface burst, 
the missile to be defended can, even at 
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To get the most out of its subsonic bombers Strategic Air Command is—for the time being—equipping them with 


North American GAM-77 Hound Dog missiles, two of which are carried by the Boeing B-52. 


the last second, escape destruction. In the 
not too distant future it may perhaps be 
possible to ensure the survival of the defence’s 
ballistic missiles, by a combination of hard- 
ened underground silos and the anti-missile 
missile, and thus enjoy all the advantages of 
immobility. 

From the end of 1962 onwards, still better 
results will be obtained from the solid-propel- 
lant Minuteman, though its nuclear warhead 
will be relatively small: 

The complete, three-stage missile is an 

ICBM (with a range of 5,500 miles); its 

second stage is equivalent to an independent 

IRBM (1,500 miles’ range), and the third 

stage is capable of transporting a one- 

megaton warhead for a distance of about 

600 miles. 

- Powered by a motor with a thrust of 
roughly 130,000 Ib (thrust of Titan 300,000 
lb), the Minuteman can be installed at a 
hardened site or transported on rail or road 


trucks or barges, following erratic itinerar- 
ies to foil the enemy’s reconnaissance and 
espionnage systems. But, most important of 
all, only two or three minutes’ warning 
time is necessary if the Minuteman is 
launched from a silo. Present technical 
efforts are said to be aimed at keeping the 
stabilization and guidance equipment con- 
stantly “‘warmed up” so as to obtain an 

almost instantaneous response, enabling a 

salvo of the missiles to be fired within 

minutes. 

Combined with a good ballistic missile 
detection network, which would give SAC 
some ten minutes’ warning, a retaliatory 
system based on a few hundred Minutemen 
would be practically invulnerable, since the 
American missiles would leave their silos long 
before the enemy’s weapons reached the 
ground. Washington would, of course, have 
to resign itself to the idea of adopting a reprisal 
strategy based on a radar alert and a warning 


of a few minutes. There could be no question 
of “absorbing” the first shock and reacting 
later. Reprisals would have to be initiated 
before the aggression had taken effect. As 
regards the deterrent concept, the fact that 
such a rapid reaction is possible is a powerful 
factor in discouraging aggression, since the 
attacker could never be sure of destroying on 
the ground the missiles to which he would be 
exposed half an hour or so later. 

If, indeed, SAC is one day capable of 
launching its Minutemen within a few minutes, 
with a very brief warning time, then the USA 
will have at its disposal an almost invulnerable 
deterrent which, safe in its underground silo, 
will be immune to destruction by surprise 
attack. It remains to organize a defence 
system under which the decision to take the 
irremediable step can be made, and the 
necessary orders transmitted in less than the 































By the end of 1962 the USAF will have in the Minuteman a high-performance two- or three-stage solid-propellant 
missile with a lighter warhead than present ICBMs. The pictures show a “tethered” launching of the first stage 
and a dummy upper stage from an underground silo at Edwards AFB, California. The missile is arrested during 






climb by nylon cables. 
























































Close-up of the Hound Dog on its transport vehicle. 
Powered by a Pratt & Whitney J52 jet engine with 7,500 Ib 
thrust, this 42 ft long air-to-surface missile weighs 10,000 
Ib, has a range of 500 miles and reaches cruising speeds 
of between Mach 1.6 and 2.2. The inertial guidance 
system is by Autonetics. 


fifteen or twenty minutes’ warning supplied 
by the radars. Of course, the very possibility 
that such a system might already have been 
organized is in itself enough to deter— provid- 
ed the potential aggressor believes it to be 
effective. 


The Air Launched Ballistic Missile 


But the virtues of the future Minuteman are 
not in themselves enough. The USAF knows 
that the defence’s weapons must be diversi- 
fied, and the air launched ballistic missile 
(ALBM) has been added to an already 
varied arsenal. The advantages of the ALBM 
are considerable: 

— It has given an unexpected value to SAC’s 
fleet of subsonic bombers. The B-47 and the 
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Profile of an ALBM mission with over-water approach. The ALBM-carrying bomber underflies the enemy’s radar 
coverage (continuous line) and launches the missile at about 150 n. m. from the coast. The ALBM, guided by its 
inertial system, penetrates up to 650 n.m. inland on a relatively flat trajectory (dotted curve), while the bomber 


turns away and heads for home. 


B-52, on which so much effort and so much 
money have been expended, are experienc- 
ing a second youth, and their period of 
usefulness has been doubled. In Britain, the 
V-bomber force, with its Valiants, Vulcans 
and Victors, will take on a new significance 
when it receives its Sky Bolts, as it will then 
be able to avoid flying over enemy territory, 
while the attack will still take place at high 
supersonic speeds. 


— Defence against such attacks, if ever made, 
would be difficult. The threat would come 
from all sides and, since the missiles would 
be transported at low altitude right to their 
launching point, they would possibly] not 
be detected before the beginning of their 
ballistic trajectory. The attacker would have 
the advantages of the IRBM as regards 
detection, while benefiting from the high 
mobility of the launching platform. 


~ Thus associated with the carrier aircraft, 
the missile can be controlled right up to the 
very second before launching. SAC’s pres- 
ent safeguards will, of course, also apply 
to the B-47s or B-52Hs armed with the 
Sky Bolt. This possibility adds to the 
excellence of such a retaliatory system, 
since any government finding itself obliged 


to use it would not have to take a snap 
decision. 

Cheaper, lighter and less bulky than the 
ICBM, the ALBM can be manufactured in 
large quantities and at lower cost. 


— If in future the nuclear-powered bomber 
should ever be built and come into wide- 
spread use, one of the major grounds for 
objection to the ALBM would be removed. 
Capable of remaining in the air for almost 
unlimited periods and flying at low alti- 
tudes, the nuclear-powered aircraft (U.S. 
project CAMAL) would be an ideal mobile 
platform for transporting and launching 
ALBMs. Vulnerability on the ground 
would be limited, since it would be impos- 
sible to destroy all the aircraft at one and 
the same time. In such a case the deterrent 
strategy would have found its ideal tool. 
But the CAMAL (Continuously Airborne 
Missile Launching and Low Level Penetra- 
tion) system has not yet materialized in the 
form of a _nuclear-powered bomber, al- 
though the events of this turbulent spring 
have resulted in an acceleration of the 
project. 

~ Finally, the ALBM would doubtless be 
launched on a long, low trajectory which 


Eurasia and North America as targets for ALBMs. 


could, under certain conditions, bring 
about a further increase in its ability to 
penetrate the enemy’s defences, undetected 
by his radar network. 

On the liability side of the ALBM balance 

sheet the following disadvantages must, in 
all fairness, be posted: 
— The first is a highly important one. The air 
force which is to transport and launch the 
ALBMs would still be vulnerable on the 
ground. It is true that the problem of 
ensuring invulnerability during the mission 
itself appears perfectly soluble, but there is 
always the classic (and alarming) possibili- 
ty of a surprise attack, and in such a case 
survival on the ground would still have to 
be guaranteed. One can imagine carrier 
aircraft in perpetual motion between a 
number of bases, dispersing and hence 
multiplying the number of launching plat- 
forms which the enemy must destroy. Here 
the necessary funds must be available to 
maintain this activity, and the airfields 
which are indispensable to the operation 
must be on hand. The U-2 affair has 
brought to light the importance of allied 
air bases and the risks involved in their use. 
It is doubtful whether it would be so easy 
for Sky Bolt-equipped bombers to carry 
out operations by making use of allied air- 
fields as if they were national bases. This 
was the argument recently brought for- 
ward in favour of putting ALBMs on the 
V-bombers, whose continual movements 
over a ring of bases, some of which are 
even outside the northern hemisphere, 
would render them invulnerable to surprise 
attack by ICBMs and IRBMs. It remains to 
be seen, however, whether such a system, if 
ever adopted, would have the approval of 
the host nations. 

Exercises carried out over a year ago have, 
it is true, shown that very little time is needed 
for bombers on ground alert to take off and 
that, provided training is good and some 
financial sacrifices are made, there is no 


The attack on Eurasia: If NATO bombers fired their missiles about 270 nautical miles off the coast of the Eurasian continent—at a respectful distance from the enemy’s defences 
—so as to penetrate into the interior, the parts outside the continuous line would lie within their range. If, however, the bombers ventured as far as the coast, the range of the 
ALBMs would be extended as far as the broken line. The region inside the broken line would not be threatened. The States of the Eastern bloc would still have, in Central Asia, 
an extensive territory with vast resources, inaccessible to Western ALBMs. (The Iron Curtain is marked with a line of crosses). 


The attack on North America: The North American continent would have less chances of withstanding a Soviet ALBM attack. If ALBMs were launched 270 nautical miles from 
the coast, their range would cover the area up to the continuous line; if they were fired at the coast, they could reach the broken line. Only the relatively small region inside the broken 


line would be safe from attack. 
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If the Eastern block wanted to parry all ALBM attacks, it would have to gain complete control of the entire outlined 
region, comprising the whole of Western Europe and the Mediterranean, large areas of the Middle and Far East and 
vast regions in the Atlantic, Pacific and Indian Oceans. 





Supersonic bomber with a question mark: first official drawing of the North American B-70 Valkyrie. 


A forerunner of the Sky Bolt was the Martin WS-199B Bold Orion two-stage air launched ballistic missile with inertial 
guidance system. Fired from the wing-tip of a B-47 (in background) on October 13th, 1959, the missile was aimed about 
ten miles ahead of the American earth satellite Explorer VI. 





reason why a manned air force should not be 
able to get into the air as quickly as the future 
Minuteman, and thus at least partially escape 
destruction. In any case, much has still to be 
done to obtain the maximum usefulness from 
the bomber. Its commercial counterparts 
have been known, in some cases, to fly 10 to 
12 hours a day for some 300 days of the year. 
If the military authorities could ensure such 
a high utilization rate for their aircraft, the 
problem of survival on the ground would be 
to a great extent solved. 


~ The second common objection to the air- 
craft as a ballistic missile carrier is on the 
grounds of its inaccuracy. The force of the 
ALBM warhead is more likely to be meas- 
ured in kilotons than megatons, at any rate 
if a sufficiently high degree of precision is 
obtained. But the accuracy of the ALBM 
depends on additional factors which do not 
apply in the case of the ICBM and the IRBM: 
speed of carrier aircraft, vertical error, error 
in calculating launching position, heading 
error etc. Upholders of the ALBM formula 
say that, launched as it is at a relatively high 
speed (Mach 0.8 to 0.9), the ALBM will be 
more easily stabilized at the beginning of its 
trajectory than would the missile launched 
from the ground. It is true that the actual 
speed of the aircraft can be accurately 
known to within 2 percent. It is also true 
that the sum total of the errors in position 
fixing (e. g., by radar) and those emanating 
from the carrier aircraft’s vertical reference 
system will be unlikely to exceed a circle with 
a radius of some 500 yards—always as- 
suming that they are measured as average 
quadrantal error. 

To these errors, which are inherent in the 
mode of launching, must be added those which 
are independent of the mode of launching and 
which are due to the inaccurate location of the 
target (geodetic precision is at present of the 
order of 400 yards) and to the present inferi- 
ority of inertial guidance compared with radio- 
inertial guidance. Moreover, the accuracy 
of a missile launched on a low trajectory is 
said, in general, to be less good than that of 
a missile launched on a high trajectory. In 
spite of the ALBM’s inferior accuracy at the 
present day, however, the experts consider 
that, in three or four years’ time, the pre- 
cision of this type of missile will in all 
probability be comparable with that of 
missiles ground-launched from a_ fixed 
position. 

But in any case, all this is perhaps 
somewhat in the nature of hair-splitting. In 
a deterrent strategy it is possible to dis- 
pense with a certain amount of accuracy; 
this is warranted by the nature of the 
targets—the enemy’s built-up areas—and, 
from the moment the use of such weapons 
comes within the bounds of probability, 
their radius of accuracy is no longer a 
decisive factor. Any country which pro- 
vokes their use still runs enormous risks, 
even if not all of the missiles are likely to 
reach the target zone. 

But, and this is the most important point to 
remember, the ALBM has given new meaning 
to the mighty fleet of subsonic bombers with 
which the free world has just equipped itself, 
and represents yet another of the diverse 
forms which reprisal action might take. ++ 
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RAF Avro Vulcan bomber with Avro Blue Steel air-to- 
surface missile. 


Daring the past six months detailed studies of 
ICBM and IRBM accuracy and the strength of 
hardened weapon sites have led to drastic reap- 
praisals of strategy. As a result several American 
and British projects have gone by the board, 
including the de Havilland Blue Streak long-range 
ballistic missile, and although static-based ballistic 
missiles will continue to be a main deterrent in the 
United States, complementary mobile systems 
will be developed in the shape of the Douglas Sky 
Bolt and the Lockheed Polaris. 

In place of the Blue Streak the United King- 
dom has chosen the Sky Bolt. This is the first time 
that the USA has permitted an allied country to 
purchase a major deterrent weapon which is still 
in the development stage. 

Sky Bolt, whose official designation is WS- 
138A, is basically a two-stage “rocket-powered 
strategic air-to-surface missile’’ with a range of 
1,000 miles, and has emerged from a design con- 
tract awarded to Douglas in May 1959. Previ- 
ously, the USAF had obtained a great deal of 
research information on air-launched ballistic 
missiles from the Martin WS-199B Bold Orion, 
Convair/Lockheed WS-199C (with more sophisti- 
cated guidance) and McDonnell Draco. Of parti- 
cular interest in the programme was the firing of a 
Bold Orion from a B-47 wing tip in October 1959. 
The missile was fired 10 miles ahead of the 
satellite Explorer VI as it went through its perigee. 
Flares were fired at intervals during the flight to 
aid photography, and the evaluation indicated 
that the mission was successfully accomplished. 
It would seem from this that the USAF also 
intends to use the ALBM for destroying enemy 
reconnaissance satellites. If this is the case, the 
whole scope of Sky Bolt will be widened for both 
the USAF and the RAF. 

After completing the design studies and an 
exhaustive analysis, Douglas was awarded a 
USAF research and development contract for Sky 
Bolt in November 1959. For the 1960 fiscal year 
$35 million have been allocated and for the 1961 
fiscal year $70 million. Pentagon experts estimate 
that the five year research and development pro- 
gramme will cost about one billion dollars. 

The USAF considers the Sky Bolt will be used 
on B-52s and B-58s (the B-70 being still uncertain) 
as a weapon for hitting hard and soft missile sites, 
and enemy defensive radar and anti-aircraft sites. 

The RAF would use it in a similar manner, 
using its own target priority list which has already 
been agreed with SAC. The main problem with 
Sky Bolt is to ensure 100 percent accuracy of posi- 
tion fixing at the time of release from the bomber, 
and the maximum number of equipped machines 
either airborne or on ready alert when warning of 
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Sky Bolt, Blue Steel and the “V” Bombers 


By Derek H. Wood, Interavia’s London Editor 


attack is given. The USAF intends to get long- 
range ground-air position checking if possible, 
and the warning of BMEWS will later be supple- 
mented by reconnaissance satellites. The fact that 
the RAF is already using on the “‘V’’ bombers the 
latest anti-radar and anti-missile countermeasures 
equipment incorporating valves like the Carcino- 
tron will ensure a high degree of immunity for the 
deterrent for many years. 

It is now highly unlikely that there will be any 
requirement for a supersonic aircraft to carry Sky 
Bolt, as the whole emphasis in future will be on 
endurance, not speed. While the USAF is study- 
ing a subsonic atomic aircraft for Sky Bolt, the 
RAF may well supplement the ““V” bombers with 
a military version of the Super VC.10, having an 
endurance of 24 hours and capable, like the Vul- 
can, of carrying two Sky Bolts. 

The Air Ministry is now undertaking an inten- 
sive study of the modifications required for the 
Vulcan B.2 and Victor B.2 to allow them to 
operate Sky Bolt. A great deal of new internal 
electronic equipment is called for, and careful 
programming will be required to ensure that the 
**V’’ bombers operational and under construction 
can be fully converted by 1965. Already teams 
from both A. V. Roe Weapons Division and Hand- 
ley Page have held discussions with Douglas in the 


United States. 
* 


To bridge the gap between the free falling bomb 
and the Douglas Sky Bolt, the “V” force of 
Victors and Vulcans is to be equipped with the 
Avro Blue Steel stand-off bomb with a British 
thermo-nuclear warhead. This missile will also be 


The Blue Steel initially falls free from the carrier aircraft. 
Then the rocket motor ignites, and the weapon’s indepen- 
dent inertial guidance system controls the flight to the 
target. 





retained after 1965, so as to confront a potential 
enemy with the widest possible arsenal of offen- 
sive weapons and thus greatly complicate his 
defensive problem. 

Research on air-ground weapons has gone on 
in the U.K. from the inception of the major 
guided weapons programme in 1959. Vickers did 
a great deal of work on a short-range guided 
bomb, and flew test vehicles, but this was aban- 
doned in favour of a faster and more sophisticated 
weapon using inertial guidance, and the contract 
for this went to the A. V. Roe Weapons Division 
at Manchester. 

The design has emerged as a canard stainless 
steel vehicle which is virtually a miniature Mach 2 +4 
aeroplane. Avro has been able to channel a lot of 
its heat-resistant metal and honeycomb research 
on the Type 730 bomber into Blue Steel. 

Blue Steel’s power plant in pre-production 
form is the de Havilland Double Spectre, burning 
HTP and kerosene and having a thrust of about 
16,000 Ib. The Double Spectre is made up of a 
fixed thrust Spectre 4 and a variable thrust 
Spectre 5. In production form for the RAF, how- 
ever, the Double Spectre will probably be replaced 
by a derivative of the Gamma 2 so successfully 
used on the Black Knight research rocket. 

Blue Steel has a forward delta plane for pitch 
control and a rear-mounted delta wing with 
inboard ailerons, together with a pair of stabilizing 
fins (the lower one folding sideways for ground 
clearance). Directional control is on the “twist 
and steer”’ principle, each turn being initiated by 
aileron rolling and then maintained by increasing 
lift on the foreplanes. 

After launching, the Blue Steel falls free for a 
few seconds, the rocket motor fires and then it 
begins a powered climb. At this stage it comes 
under the control of the Elliott Brothers inertial 
guidance system working from the position, speed 
etc. when it left the carrier—this information 
having been fed in at the moment of separation 
by the bomber’s navigator. Once clear, Blue Steel 
proceeds on its own account without external 
signals, and the inertial system is, of course, 
unjammable. 

No exact figures on Blue Steel have been issued, 
but it is believed to weigh around 15,000 lb and 
have a range in excess of 400 miles. The span is 
approximately 16 ft and length 36 ft. 

Blue Steel has undergone a very extensive flight 
test and development programme, including free 
flight unpowered models launched from the Aber- 
porth weapons range, and powered scale models 
launched from a Valiant bomber over the 
Woomera range in Australia. Tests with full-scale 
Blue Steel test vehicles fired from Vulcans began 
at Woomera towards the end of 1959, and a joint 
Service Training Unit for Blue Steel is now 
stationed at Avro’s aerodrome at Woodford in 
Cheshire. 
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For additional information on any Cannon product, write your nearest Cannon factory or representative 


International Representatives 


COPENHAGEN/Tage-Schouboe 
ZURICH/Jacques Baerlocher Corp. 
DUSSELDORF /Deutsche Souriau Electric 
THE HAGUE/Avio-Diepen Trading Co. 
MILANO/Silverstar, Ltd. 
STOCKHOLM/AB Gosta Backstrom 


BRUSSELS/Inelco S.A. 


CANNON ELECTRIC COMPANY 3208 Humboldt Street, Los Angeles 31, California, U.S.A. 
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CANADA 


Cannon Electric Canada Limited 
160 Bartley Drive 
Toronto 16, Ontario, Canada 


ENGLAND 


Cannon Electric (Great Britain) Ltd. 


138 Wardour Street 
London W1, England 


FRANCE 

Souriau et Cie 

9 a 13 rue du General Gallieni 
Billancourt (Seine) 

Paris, France 


AUSTRALIA 


Cannon Plugs (Australia) Pty., Ltd. 
Airport West W6 
Melbourne, Australia 


JAPAN 


Japan Aviation Electronics Industry, Ltd. 
Nanpeidai Tokyu Building 
32 Nanpeidai, Shibuya-ku, Tokyo, Japan 


Representatives also 
located in 

Latin America and 
the Far East 
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Accurate and regular wind information 
to great heights is essential for the safe 
and economic operation of jet and 
turbo-prop aircraft. Decca Windfinding 
Radar, the only equipment of its type 
specifically designed for windfinding 
has been fully proved in service and 
provides this data at lower daily cost 
than other windfinding systems. 


Already today chains of these compact 

3 cm. radars are coming into service in 

many parts of the world and over 20 

meteorological Authorities have adopt- . : 

ed the Decca primary radar windfinding The NEW Decca W.F.2 Windfinding Radar 
system to meet the demands of aviation. 


DECCA RADAR 


Decca Radar Limited - London - England 
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Soviet Ideas 


on Nuclear Strategy 


by Admiral E. Bidrklund, Stockholm 


The discussion of strategic concepts in this issue can with advantage be supplemented by 
a contribution from a country which, in view of its geographical situation, is obliged to follow 


developments in the Soviet Union with particular attention. The views of a Swedish writer are 
given here without comment, as they will certainly be read with interest, even though some 


of them may be open to discussion. 


Soviet political and military threats after 
the destruction of the American U-2 recon- 
naissance aircraft show an alarming develop- 
ment of Russian ideas on nuclear strategy, 
combined with the use of ballistic missiles. 
This calls for an examination of the problems 
and basic facts of modern nuclear strategy 
in peace and war; of how Russian ideas on 
this subject developed during the 1950’s, 
and finally how Russian leaders view some 
other nuclear problems. As a specialist in 
the Russian language, I have undertaken an 
analysis of these questions and of the con- 
siderable Russian literature on the subject 
and will give a very concentrated picture of 
the most interesting elements. 


What are the basic facts of nuclear stra- 
tegy today ? 

At present the West has over 80,000 nuclear 
weapons of all sizes and constructs over 
25,000 each year, while the Soviet is believed 
to have about 35,000. An estimation of the 
damage these weapons could inflict in a 
general war where H-bombs were used shows 
the following terrible result. In the Soviet 
Union probably 30 to 40 million inhabitants 
would be killed or very seriously injured, 
while a probable number for the USA and 
Western Europe would seem to be about 20 to 
30 million. The Soviet Union consequently has 
good reason for avoiding a total, nuclear war. 


Editors. 


Moreover, the bombing capacity of the 
West is well secured by the superiority of 
Western strategic air forces; the powerful 
naval task forces with nuclear-weaponed 
aircraft and missiles; the atom-powered sub- 
marines with missiles; and an_ efficient 
standard of anti-submarine warfare units. 
The Russians know this perfectly well, and 
their leaders also know that several NATO 
powers have nuclear capacity, while the 
Soviet Union has not dared to give this to 
the national forces of its satellite States. 

In Central Europe the Soviet superiority 
in armies and tactical air forces is generally 
appreciated to be as 2 : I, but this is not a 
sufficient margin to safeguard the success of 
a Russian invasion. To my mind, and this 
idea is in accord with many prominent 
experts, such an invasion would necessitate 
the powerful assistance of heavy Russian 
nuclear attacks. As long as the West has 
nuclear superiority, a Russian land aggression 
of this kind would seem to suit Soviet aims 
only if NATO’s cohesion were seriously 
diminished. And after Khrushchev’s offensive 
in Paris such an eventuality seems to be 
extremely unlikely. 

But it must be observed that present Soviet 
superiority in intercontinental missiles 
(ICBMs), and perhaps in intermediate missiles 
(IRBMs), admits a policy of threat in all 
directions. and also the ability in wartime to 


Medium-range surface-to-surface guided missiles (on mobile launchers) form the backbone of the USSR’s 


tactical rocket forces. 








Ilyushin-Myazishevy Bison heavy 
four-jet long-range bomber, of 
which the Soviet Union possesses 
several hundred. 








damage a certain percentage of Western 
nuclear bomber bases. Russian thinking has 
consequently been a result of technical 
development. 


How did Russian ideas develop during the 
1950's ? 


During the Stalin period the effects of 
atomic weapons were considerably under- 
estimated, as has been shown in the “Minutes 
of Discussion in the Central Committee” 
during 1958-60. After Stalin’s death the 
leading periodical “Voyennaya Mysl” (Mili- 
tary Thought) proclaimed new ideas, recog- 
nizing the great danger of destruction but 
following Khrushchev’s thinking that the 
Soviet Union would nevertheless win a 
general war. 

From 1955 onwards great stress was laid 
upon the necessity of destroying Western air 
and missile bases around the Sino-Soviet 
block. War strategy was to embrace great 
army offensives, backed up by nuclear and 
missile weapons as part of the military forces. 
Many military authors emphasized that after 
a first nuclear period, a general army offensive 
would follow. This strategy has been accepted 
by R. L. Garthoff, while others (including 
the present author) consider that these two 
enterprises must strategically be made simul- 
taneously. 

However, leading men in the Soviet Union 
inclined more and more to the idea of a 
“pre-emptive strategy.” If A (USA) were 
preparing an attack against B (Soviet Union), 
B should forestall this attack by early counter- 
measures, put in action “as soon as reliable 
warning of an attack by A is received in the 
Soviet Union.” This is the idea which was 
also. applied in May 1960 to peace strategy 
in order to better protect Russian military 
secrets. 

But in order not to confuse two different 
things, let us analyze first how Russian ideas 
on war strategy have developed. 

There is much to suggest that H. S. 
Dinerstein of the Rand Corporation in the 
USA was right when he stated in 1959 that 
the principle of “pre-emptive strategy” has 
been accepted by the Party and the Govern- 
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Bounder 
Four-jet supersonic bomber. Max. 
speed approximately 1,000 knots. 





Bison 

Four-jet long-range bomber. Max. 
speed approximately 520 knots. 
Range without refuelling approxi- 
mately 5,400 n. m. 
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Bear 

Four-engine turboprop bomber- 
tanker. Max. speed approximately 
485 knots. Range without refuelling 
approximately 7,000 n. m. 


Badger 

Twin-jet medium-weight bomber. 
Max. speed approximately 500 knots. 
Range without refuelling approxi- 
mately 3,200 n. m. 


T-1 (?) 
Tactical surface-to-surface rocket. 
Range of the order of 400 n. m. 
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ment since 1957, although not openly 
declared. A close study made by the present 
author has given the following results. 

Such a war strategy contains considerable 
risks, especially as Russian sources claim 
that an enemy country should be hit before 
the enemy’s weapons reach the Soviet. All 
depends on the information upon which a 
pre-emptive attack is started. My conclusion 
is the same as that made by Professor Bernard 
Brodie in 1959, namely that the deciding 
factor is what Western activities the Soviet 
may consider to be a preparation for attack. 
A reconnaissance aircraft cannot be enough, 
but how would a concentration of nuclear- 
weaponed aircraft in certain places in Europe 
be considered? Can the Soviet really count 
on absolutely correct information from its 
secret agents abroad? 


It seems to me that incorrect agent reports, 
errors in transmission, or inexact pictures 
taken by Russian satellites and other unfore- 
seen misjudgments must create great risks. 
Supposing the Soviet Union launched a 
limited aggression somewhere, the West could 
be induced to make military dispositions 
which could be interpreted by the Soviets 
as preparations for a major nuclear attack. 
There is a risk that what the Russian General 
N. Talensky has called “skilful and vigilant 
Russian intelligence” may mislead the Soviet 
leaders. Even a peaceful exercise may be 
interpreted as the start of an attack. History 
gives many illustrations of this kind. The 
Russian V. I. Skopin said very truly—in an 
article on “Militarism” in Moscow 1958— 
that a chain reaction of retaliatory activity 
will make it difficult to state “who began.” 
Will not this be particularly the case with a 
pre-emptive strategy ? 

In order to be able to strike back before 
the presumed attack has reached Russian 
targets, it is necessary to have a warning of 
at least one hour. To my mind this can only 
be done by combining warnings from radar 
and space satellites. We know that an ICBM 
from Soviet territory or an IRBM from a 
Russian submarine near the coast can reach 
even the USA in less than half an hour. 
Is this the secret of the new Russian pre- 
emptive strategy? And would these attacks 
be complemented by bombing and IRBM 
operations against European and other 
targets? 

Amongst the individuals who have built up 
Russian nuclear strategy are Marshal G. K. 
Zhukov (before 1957), who helped to bring 
out a more realistic view on nuclear power, 
Major-General N. Talensky who constructed 
strategic principles, and Marshal P. A. 
Rotmistrov who is said to have built up the 
idea of pre-emptive (anticipative, in Russian 
“uprazhdaishiye”) attacks. Such a strategy 
must be seen as a part of the overall Russian 
strategy, which uses all the means of the 
State to achieve the current political aim. 


There are, however, restricting factors. The 
Soviet leaders know perfectly well what an 


unlimited nuclear war would mean to the 
Soviet Union and to the cohesion of its 
satellite system. Many things show that 
Russian leaders are realists who appreciate 
the “principle of disproportionate cost” and 
that they are trying to calm down the present 
expansionism of Red China, with whom the 
Soviets nevertheless must compromise in 
overall strategy. Some other problems are 
also connected with nuclear activity and 
must be mentioned briefly. 

The political programme to abolish all 
nuclear weapons is the Soviet’s usual diplo- 
matic thesis. But this is cleverly combined 
with high priority production of nuclear and 
missile weapons, a development of civil 
defence, new radar chains and a more 


‘efficient air defence (which naturally cannot 


cover the whole of the widespread Russian 
orbit). 

Nuclear strategy is combined with the 
problem of inspection, where the Soviet has 
theoretically agreed to some principles but 
avoided accepting others which seem to give 
foreigners a better knowledge of vital 
defence measures. The problem of nuclear 
tests may be solved later on, but even the 
methods of control are not yet accepted by 
the Soviets. In space strategy the Soviet 
Union has certain advantages which it will 
certainly try to maintain and develop, parti- 
cularly as such successes have great influence 
in many underdeveloped countries, where the 
signs in the sky make a great impression. 

It must always be remembered that 
Russian experience in “unconventional war- 
fare”—guerilla warfare, creation of a situation 
between peace and war, revolutions, sabotage 
and undermining a non-communistic Govern- 
ment, etc.—is considerable, and that the 
Soviet Union prefers such activity to local 
wars, which in the Russian mind could 
develop into a general war. 

The Soviet leaders have not yet uttered an 
opinion on whether smaller nuclear weapons 
could be used in local wars, which proves 
that different eventualities call for a different 
answer. But Russian army, naval and air 
forces have nuclear weapons. The Russian 
forces in the satellite states also have nuclear 
weapons, and East Germany has stated that 
it will have its own weapons of this kind if 
the West German military forces get them. 
Finally Red China has declared its intention 
to test an atomic bomb in 1961-62. 

Russian views on nuclear strategy may be 
influenced by the Russian statement that in 
a general war even chemical, biological, 
radiological and other “new weapons” can 
be used. 

In summing up it can be said that the 
Soviets accept peaceful coexistence, but only 
on conditions which are totally favourable to 
their own future expansion. And the new 
Russian concepts of nuclear and missile stra- 
tegy can be met only by measures to main- 
tain the total balance and to intensify vigilance 
and carefully organized preparedness. 
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The Rolls-Royce Aero Engine Division is the largest 
TYNE. PROP-JET organisation in Europe producing aero engines for Civil and 
Military use. Over 33,000 people are employed in the 
design, development and manufacture of turbo jets and 
prop-jets which are in service with, or on order for, the 
armed forces of 26 countries and 80 airlines, in 
addition to many other operators throughout the world. 
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Aviation is also served by Rolls-Royce Diesel and 
Petrol engines which power airfield and ground 
equipment 


Petbow Ground Starter Unit 
powered by a Rolls-Royce Diesel 
Engine 





Airfield Crash Tender on 

a Thornycroft Chassis 

powered by a Rolls-Royce 
Petrol Engine 
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WORLD'S 
FASTEST 
RUNWAY 


rolls tire-testing 
ten years ahead 
in 18 seconds! 











500 kph “runway” is takeoff point for tires of future. Electronic programmer cycles tests via taped instructions. 





Goodyear’s costly new dynamometer system 
qualifies aviation tires at over 500 kph— 
advances research frontier beyond 800 kph— 
accelerates from 0 to 500 kph in less than 20 
seconds — simulates all tire operating conditions 
.--meets all test demands in view till 1970! 





Next time you watch a 20-ton Mach 2 military jet taking off 
a runway at over 400 kph—or a huge 150-ton jetliner grace- 
fully landing at nearly 240—recall this fact: everything rides 
on the stamina of their tires—and basically they’re only rubber 
and fabric! 


The Jet Age has established terrific standards of performance 
for aviation tires. Landing speeds of 500 kph are close to 
reality. Tire pressures are hovering close to 300 psi. Air- 
planes have put on weight at a rapid rate—today each pound 
of tire must carry nearly 400 pounds! And still tougher speci- 
fications will have to be met during the coming decade. 


Looking forward to the future, Goodyear has made another big 


AVIATION 


investment in a completely equipped tire-testing laboratory— 
most advanced in the tire industry. It features the 10-foot test- 
wheel shown here. Driven by a pair of giant 4300-hp electric 
motors, this wheel and allied equipment now make it possible 
for the first time to exactly duplicate all service conditions 
encountered by aviation tires—taxiing, takeoff, landing—with 
precision never before achieved. Tires can even be preheated 
to 427°C. to simulate the effect of supersonic flight, while 
yaw and camber to 15° can also be provided. 


As you might expect from the company which developed the 
first tubeless tires specified for commercial aircraft—the first 
low-profile tires to meet USAF high-speed specs—and the first 
sidewall-inflation airplane tire, this new dynamometer system 
is another major breakthrough. And it gears Goodyear to 
handle the tire requirements for any aircraft flying today, 
tomorrow or in the foreseeable future. 


For information on this and other achievements in Goodyear’s 
50-year record of service to the aviation industry, and the 
more than 600 different Goodyear airplane tires, write to 
Goodyear International Corporation, Aviation Products Divi- 
sion, Akron 16, Ohio, U.S.A. 
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MORE AIRCRAFT LAND ON GOODYEAR TIRES, WHEELS AND BRAKES THAN ON ANY OTHER MAKE 
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SFIM RECORDERS THROUGHOUT THE WORLD 


SFIM (Société de Fabrication d’Instruments de Mesure), was founded in 1947 under the sponsorship of the Bretigny Flight 
Test Centre with the object of supplying Government engineers with the vital equipment for the measurement and photographic 
recording of flight parameters arising during the development and testing of aircraft and missiles. 


SFIM manufactures a complete range of photographic recorders, sensors and receivers for such measurements as speed, 

pressure, altitude, heading, motion, force and acceleration. 

— the type A.27 self contained recorder used particularly by parachutists. 

— the light 6 channel airborne recorders of the type A.20 and variants. Over 10,000 of these units have been manufactured 
and they have been used for the flight trials of all French prototype and many foreign aircraft, particularly in Great Britain. 

— the 16 channel airborne recorders of the type A.26 and variants for many applications. 

— the type AO.10 recorder, manufactured under ONERA licence, and capable of recording 25 data channels simultaneously. 


Fully approved by the SGACC (Secrétariat Général de |’Aviation Civile et Commerciale), these recorders are used by airline 
companies such as Air France, TAI, Air Algérie, Air Maroc, BOAC, VARIG for the recording of flight data and are fitted 
in the Caravelle, Boeing 707, DC-7, DC-8 and Comet 4, etc. 


Our Orly service depot is responsible for processing these recordings on behalf of the user Companies. 
In 4 years, more than 10 km. of photographic tape have been exposed during 100,000 flight hours. 
The outstanding qualities of strength and simplicity have given this equipment an international reputation, 20 % of the produc- 


tion being exported throughout the world. 


Overseas sales agents are: 

— SFIM GB (Slough, Bucks) for Great Britain and the Commonwealth. 
— NOVOTECHNIK (Stuttgart) for the German Federal Republic. 

— OFFICE GENERAL DE L’AIR (Paris) for the rest of the world. 


Research and Development 


Flight Tests 





Instrumentation 
Radio-electric direction finding 
Pilotage, navigation and stabi- 


lization of aircraft and 
missiles 


Photographic recording equip- 
ment for civil and military 
aircraft 

Sensors 

Radio telemetry for aircraft and 
missiles 

Gyrometers 


Airborne Equipment 





Gyro-compasses 

ADFs 

Oxygen regulators 

Stall warning indicators 


Twin-gyroscope flight direc- 
tors 


Industrial Measuring Equipment 





Micrometers 


Temperature regulators 
Atomic energy sensing devices 


Digital computers 


SOCIETE DE FABRICATION D'INSTRUMENTS DE MESURE 
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ALVIS Salamander 


CROSS COUNTRY CHASSIS 






The Alvis Salamander chassis is 
designed for unrestricted use in all types of terrain. 
It is a development of the highly successful 
Saracen and Saladin fighting vehicles. 
The Salamander is the basis of the world’s most 
successful fire crash tender using either Pyrene or 
Tecalemit fire fighting equipment and is the 
standard aerodrome fire fighting vehicle for the 
Royal Air Force, Royal Canadian Air Force, Royal 
Ceylon Air Force and South African Air Force. ALVIS LIMITED COVENTRY ENGLAND 
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The Last American Manned Bomber? 


Convair B-58 Hustler 








Missile-Carrying Aircraft 





Supersonic Combat Aircraft 


The Convair Division of General Dynamics 
Corporation is engaged in producing 86 B-58 
Hustler supersonic bombers and expects to re- 
ceive additional orders during fiscal 1961. Why 
has the USAF decided upon a manned aircraft 
of the Mach 2 speed class, when ballistic missiles 
with ten times the speed and against which there 
is as yet no effective defence are already available ? 

The reasons are manifold. Once a missile has 
been launched against a given target, it cannot 
turn back, select a new target or pick up a target 
at a different location from that originally 
assumed. The manned bomber is more flexible. 
As soon as an enemy attack threatens, the B-58s 
can take off with full tanks and weapons con- 
tainer beneath the fuselage against the allotted 
targets. If, however, it should transpire during the 
approach flight that there has been a false alarm, 
the bombers can return without provoking an 
attack. 

General Thomas S. Power, Commander of the 
USAF’s Strategic Air Command, has told the 
Senate Committee on Armed Services that he was 
“convinced that for the foreseeable future, 
manned bombers will have to be used for missions 
which entail reconnaissance and on-the-spot 
decisions for attacks against well-protected and 
concentrated targets, especially if their location 
is not accurately known.” In other statements 
General Power has pointed out that the bomber 
can attack a target over intercontinental range 
with a greater degree of accuracy than a missile, 
so that a single bomber could be more valuable 
than several missiles, especially as it can be used 
again and again. 

And General Thomas D. White, Air Force 
Chief of Staff, provides yet another argument: 
**... We need the diversity of tactics which both 
high-level and low-level attacks give us. The 
enemy’s defence problem is much complicated by 
that... The enemy won't know whether to expect 
attack from unmanned missiles, from supersonic 
bombers travelling upward of 50,000 feet or from 
near-sonic bombers streaking undetected past his 
radar defences at less than 500 feet.”’ 

How does the Hustler fit into this concept? 
Firstly, it differs in a number of points from 
SAC’s other jet bombers: 


e@ It is the West’s first—and at present only— 
supersonic strategic bomber, designed for speeds 
of above Mach 2. 


@ It is the first bomber to carry its weapons and 
other military loads externally, in a special pod 
suspended underneath the fuselage. The pod can 
also be used to accommodate cameras or other 
reconnaissance equipment to detect even the 
smallest details from altitudes above 50,000 ft; or 
it can carry electronic search and counter-measure 
equipment to collect information on the location 


and transmission characteristics of enemy radio 
and radar installations or jam their operation; 
finally it can house equipment to provide naviga- 
tion information (e.g., radar films of the terrain 
flown over), or instruments for weather observa- 
tion. 

@ It is the first bomber with delta wing and area 
rule (wasp-waisted) fuselage. The delta wing is 
virtually stall-proof and gives the pilot a wide 
choice of attack angle for take-off and landing; 
the pilot is therefore not obliged to hold so closely 
to optimum approach speed, rate of descent and 
angle of attack. 

@ The airframe, of aluminium alloy, steel and 
fibreglass sandwich, and the supersonic engine 
were developed side by side and tuned to one 
another in such a way that powerplant and air- 
frame form one aerodynamic and thermodynamic 
entity. 

@ The bomber has the latest navigation and 
bombing system, which uses simultaneously 
radar, doppler, celestial and inertial navigation 
and is more accurate than any other known 
system. 

























e Lightweight, highly effective cooling systems 
prevent overheating of engine and airframe parts, 
protect instruments and crew from excessive heat 
effects and prevent evaporation of the fuel dur- 
ing long flights. 

The B-58 Hustler emerged from a 1949 USAF 
design contest which Convair’s Fort Worth Di- 
vision won with its delta-wing project. The ori- 
ginal study project was concerned only with 
general outlines for a manned supersonic weapons 
system capable of carrying nuclear bombs. In 
March 1951 the B-58 received its present USAF 
designation, and Convair continued its work 
under a second design contract. A fresh USAF 
contest then led, in August 1952, to contract 





MX-1964, which called for production of an 
operational B-58 as a complete weapons system. 
Today 16 large companies are involved in pro- 
duction of the major components and sub- 
systems for the B-58, another 1,200 companies 
supply raw materials, off-the-shelf equipment 
and standard items, while yet a further 2,400 
firms furnish operating supplies, special test 
equipment and facilities items. Altogether more 
than 15,000 firms throughout the United States 
support the B-58 weapons system with compo- 
nents or services. Convair is the responsible con- 
tractor for the whole airframe and its equipment 
and armament, with the exception of the engines 
and their accessories. 


The navigation and bombing system 


The AN/ASQ-42V bombing and navigation 
system developed by Sperry Gyroscope Company 
—a Division of Sperry Rand Corporation—is 
interesting from several points of view. Since it 
simultaneously utilizes the advantages of doppler, 
celestial and inertial navigation, it enables the 


supersonic bomber to direct its weapons to any 
desired target with hitherto unachieved accuracy. 
The system supplies the following data: 


e Aircraft position (geographical latitude and 
longitude) 

Heading 

Ground speed 

Ground track 

True airspeed and wind components 
Altitude 

Aircraft attitude 

Steering data 

Distance to destination or range to target 
Bombing release signals. 
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Search radar antenna unit 
with stabilization along 
two axes by hydraulic 
servos. Total weight of the 
unit is 130 lb. 





Instrument panel (left) and navigator/radar operator 
position in the B-58 (right). Key to instrument panel: 
A — astro panel; B — search radar display with range 
switch, contrast control, etc.; C — pilot’s data indicator 
panel (true heading, ground track, ground speed, air- 
speed, altitude above sea level, barometric altitude, 
distance to destination, star altitude etc.); D — offset and 
storage panel for setting the aiming point directionally 
(north-south and east-west) and in altitude, and for 
setting fixed points (also along three axes); E — malfunc- 
tion control panel; F — navigation control panel (for 
setting geographical coordinates); G — window for map 
of terrain over which bomber is to fly; by comparing the 
radar image with the automatically transported film map 
the pilot can check his position at any time; H — control 
panel for navigation film (search radar system); I — 
controls for search radar photo recorder unit; J — test 
switches; K — control panel for weapon release system 
(cross winds, trail and time of fall, burst altitude etc.). 








































< Doppler radar transmitter antenna 
assembly with three parabolic reflec- 
= tors in lambda configuration. The 





<> transmitter klystron is directly behind 























ad the central reflector. Each antenna is 
fed from a separate waveguide horn. 






































reflected back from the earth, ampli- 
fies it and passes it to the doppler 
equipment on an intermediate fre- » 
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— Re) ¥ Doppler radar receiver antenna as- © © 
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The assembly receives the energy 








For this purpose it uses the following units: 
inertial system and doppler radar (both for speed 
and track data), astro tracker (for precise head- 
ing information), search radar (for position fix- 
ing), radio altimeter (for precise altitude informa- 
tion), and navigation computer (to combine in- 
formation from sensors). The radar map image 
can be compared with an existing map of the 
terrain to be flown over, and the images supplied 
by the search radar can be photographed at any 
point on the flight. 

The AN/ASQ-42V system is divided into seven 
major functional sub-systems: 

1. The vertical sub-system provides space refe- 





quency. 


rence for pitch, roll and heading measurements, 
and computes ground speed, true airspeed and 
wind. 


2. The heading sub-system determines the true 


heading, converts signals from one set of co- 
ordinates to another, continuously computes 
course to destination or target and derives 
steering and range signals for course. 


3. The navigation sub-system continuously com- 


putes longitude and latitude of aircraft position 
and generates data for other sub-systems. 


4. The sighting sub-system corrects computed 


position, provides automatic radar mapping 
and generates data for other sub-systems. 
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5. The indicator sub-system contains controls 
and indicators utilized in the primary navi- 
gation system, computes ground speed and 
ground track of aircraft, generates bomb pod 
release signal and measures aircraft altitude. 

6. The malfunctioning sub-system detects system 
malfunctions and provides alternative methods 
of system operation. 

7. The bombing sub-system computes trail and 
time-of-fall of bomb pod and corrects for 
various differential ballistic effects. 

The vertical sub-system uses a gyro-stabilized 
platform which is held continuously parallel to 
the earth’s surface. The inertial system also 


Location of the main components of the AN/ASQ-42V 
Bombing and Navigation System 


Navigation unit 

Auxiliary reference unit 

Astro tracker unit 

Astro tracker amplifier unit 

Primary navigation stabilization unit 
Stabilization computer amplifier unit 
Stabilization amplifier unit 

Stabilization computer unit 

(Parts 2 to 8 are accommodated in the centre of the 
fuselage). 

Search radar RTM unit 

Search radar photo recorder unit 

Search radar antenna unit 

Search radar radome 

Doppler radar transmitter antenna assembly 
Doppler radar electronics package 
Doppler radar receiver antenna assembly 
Pilot’s data indicator 

Radio altimeter ECA unit 

Radio altimeter RTAR unit 

Remote compass transmitter 
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Simplified block diagram of the AN/ASQ-42V, showing the most important system 10 Pilot’s data indicator 
components. Arrows show the direction in which the data are passed. 11 Doppler radar receiver antenna assembly and electronics package 
12 Auxiliary reference unit (with standby circuit for primary navigation stabilization 
1 Search radar antenna unit unit) 
2 Search radar RTM unit 13 Stabilization amplifier unit 
3 Navigation unit 14 Astro tracker unit 
4 Tracking and flight controller unit 15 Astro tracker amplifier unit 
5 Auxiliary control panel (magnetic variation, sea drift, altitude correction, mode 16 Primary navigation stabilization unit 
selection) 17 Stabilization computer unit 
6 Search radar photo recorder unit 18 Stabilization computer amplifier unit 
7 Remote compass transmitter A Visual output data 
8 Radio altimeter RTAR unit B Manual input data 
9 Radio altimeter ECA unit C From air data computer 


supplies speed data, which are then compared 
with information derived from the doppler radar 
to minimize possible long-term errors. The short- 
term accuracy of the inertial system combined 
with the long-term accuracy of the doppler system 
ensure the highest possible precision in the resul- 
tant data. True airspeed is obtained by measuring 
the heading and cross-heading components of the 
ground speed, while wind data are derived by 
comparing the airspeed vector with the ground 
speed vector. 

For the automatic filming of radar images an 
auxiliary radar display and a photo recorder unit 
are used. The interval between photographed 
radar images can be varied; it can, for example, 
be so short that consecutive radar images over- 
lap. In this way the whole flight path can be 
photographically recorded. 

The astro tracker unit is mounted on a gimbaled 
platform which is stabilized in pitch and roll by 
signals from the vertical sub-system. The track- 
ing mechanism is always directed to the computed 
position of the chosen star. 

With the aid of a small control column the 
navigator and radar operator can at any time 
intervene in the aircraft steering and override the 
autopilot, if the aircraft position as continuously 
indicated by the navigation computer does not 
tally with the desired position. 

The ballistic analogue computer in the bomb- 
ing sub-system allows for height of explosion 
(i.e., height of nuclear bomb burst above ground), 
wind influences affecting the ballistic trajectory 
of the free-falling bomb, air density, vertical velo- 
city at the moment of release (in other than hori- 
zontal flight), Coriolis effects and anomalies in 
gravitation. 

New production methods 

During high-altitude flight at Mach 2, tem- 

perature at the wing leading edge rises to 260° F 


as a result of friction heat; this would mean that 
a conventional type of skin would become de- 


Convair B-58 Hustler supersonic bomber with bomb pod 
under fuselage. Man in foreground gives an idea of size. 


formed and wrinkled, making supersonic flight 
for long periods impossible. A sandwich construc- 
tion has therefore been chosen—thin aluminium 
outer skin, a sandwich filling core of fibreglass 
or aluminium honeycomb, and an inner layer of 
aluminium. About 90 percent of the wing area 
and other parts of the aircraft have this sand- 
wich skin, the aluminium panels being replaced 
by stainless steel where engine heat creates even 
higher temperatures. Completely new manu- 
facturing and bonding processes were necessary 
to make the sandwich panels capable of with- 
standing the temperatures and loads occurring 
at Mach 2. 

The main sections of the B-58 (front fuselage, 
wing and centre fuselage, and fuselage rear with 
fin unit) are assembled on a 9 ft high line at Con- 
vair’s Fort Worth plant, where 385 B-36 ten- 
engine long-range bombers were rolled out in the 
post-World War II years. After a final inspection 
at the plant, each Hustler is test-flown by three 
crews—a Convair crew, a USAF inspection 
crew, and an operational crew at Carswell Air 
Force Base, Texas—before it is finally passed to 
the 43rd Bomb Wing at Carswell. 

All the aircraft to be built under the present 
B-58 programme are to remain stationed at bases 
inside the USA. Under the USAF’s present plans, 
two strategic bomber wings are to be equipped 




















with B-58s. The range of the aircraft between 
refuelling is not accurately known, but it should 
certainly be of the order of several thousand 
miles. Flight refuelling enables the B-58, to per- 
form any global mission: high-altitude nuclear 
bombing, low-level bombing, launching of a 
long-range ballistic missile, photographic re- 
connaissance from high altitudes and photo- 
graphic surveillance of large areas of the earth’s 
surface from extreme altitudes. On March 23rd, 
1960 a B-58 with a USAF crew flew non-stop 
(with two in-flight refuellings) over a total dis- 
tance of some 11,000 miles. 

Some time ago a proposal was made for an 
interceptor version of the Hustler (to be designated 
B-58C) with four Pratt & Whitney J58s of 
30,000 Ib thrust each, but the Air Force at present 
appears to be interested only in the standard 
B-58A model with four General Electric J79-GE- 
5 jets. Meanwhile, however, four B-58s have been 
converted to the TB-58A trainer version with 
two pilot seats and dual controls. 

Finally, mention should be made of a 1,400- 
mile flight which a B-58 made from Texas to Cali- 
fornia, during which the 160,000-lb bomber flew 
at an average speed of 700 m.p.h. and remained 
below 500 ft altitude. Throughout the operation 
it succeeded in underflying the American radar 
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The multi-purpose fighter mission: place a 
lethal armament in the vicinity of a ground or 
airborne target on the enemy’s terms and in the 
environment of his choice, in any weather, 
eliminating his threat to your position... 


The primary burden of performance in a 
modern airborne weapon system is no longer 
on the aircraft. It is on the high-quality elec- 
tronics and armament which it carries into 
combat. The fighter’s changing role in modern 
aerial warfare demands that it be merely an 
efficient, economical all-weather weapon- 
carrying platform suited to a wide variety of 
missions. To fail to recognize and appreciate 
this fact is to wage a losing battle against 
inevitable technological progress. 


The Northrop N-156F single-seat jet combat aircraft with 
beneath the fuselage. 
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4. The Northrop N-156F* Weapons System 


In establishing the design criteria for the 
modern multi-mission fighter weapon system, 
the aircraft industry was faced with many 
conflicting requirements. The designer could 
take one of two major directions: 


_ 


Examine the aerodynamic, propulsion and 
structures state-of-art and build an air 
vehicle with maximum performance and 
excess power, then add electronics and 
armament to fulfil the mission require- 
ments, or 


to 


Examine the guided missile armament and 
electronics technologies, and utilize the 
aerodynamic, propulsion and _ structures 
state-of-art to design the most efficient air 
vehicle to effect successful weapon delivery. 


two 150-gallon under-wing tanks and a 2,000-lb bomb 















Northrop Corporation based the N-I56F 
on the latter approach. 


Foreseeing a need for an aircraft to meet 
the widely varying operational requirements 
of many different nations, the U.S. Depart- 
ment of Defense contracted with Northrop to 
develop the N-156F. The N-156F was con- 
ceived as a versatile design capable of accom- 
modating a wide variety of advanced elec- 
tronics and armament as these became avail- 
able. Now, to meet specific requirements, the 
N-156F has been made available in a weapon 
system configuration known as Rapiere. 


Northrop N-156F Rapiere 


The N-156F in its Rapiere configuration is a 
typical multi-purpose fighter weapon system 
providing total all-weather effectiveness in 
air-to-air, air-to-ground and reconnaissance 
missions. 


Rapiere consists of the Northrop N-156F, 
the General Electric J85-5 turbojet engines, the 
Hughes TARAN fire control and navigation 
system and the Nord-Aviation family of air- 
to-air and air-to-surface guided missiles. It is 
the outgrowth of an intensive study of Century 
Series aircraft, their virtues and vices, with a 
view to establishing a follow-on vehicle with 
improvements in several fundamental charac- 
teristics. The basic airframe was designed to 
take full advantage of two of the small, high 
thrust-to-weight General Electric engines 
which first became available in 1955. Stability 
and control characteristics reflect all the latest 
advances in aerodynamic knowledge. Maxi- 
* For earlier articles in this series see /nteravia No. 3 


(general principles and Republic F-105) and No. 4, 1960 
(Dassault Mirage I/II). 
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mum flight safety was guaranteed through 
(win engine reliability, excellent landing 
characteristics, adequate directional stability, 
good anti-spin characteristics, careful atten- 
tion to roll coupling, and the avoidance of 
pitch-up at any Mach number by use of a 
low-set horizontal tail. 


High performance was obtained by refine- 
ments in design such as the use of supersonic 
area rule and a thin, 35-degree sweep wing 
with a cambered leading edge. The fuselage 
was cambered to reduce drag and increase 
visibility, while avoiding pitch-up moments. 


Previous articles in /nteravia (August 1958 
and August 1959) have described the N-156F 
airframe and its background of development 
in parallel with the Northrop-U.S. Air Force 
T-38 Talon supersonic trainer. These also 
pointed out the very good maintenance 
qualities designed into the aircraft. 


Capitalizing on the compact J85 jet engines, 
the N-156F has an airframe that is far smaller 
and lighter than those required for other con- 
temporary fighters. At the same time, it can 
incorporate any modern navigation and fire 
control system, and has the structural strength 
to carry over 7,000 pounds of payload in its 
maximum overload condition. The nose sec- 
tion of the N-156F provides 41.6 cubic feet 
of space for this electronic equipment, with 
complete accessibility to all components. In 
the cockpit, the canopy rails are a full 30 
inches apart, providing ease of pilot entry and 
allowing ample space for logical and func- 
tional arrangement of controls and displays. 


The extensive payload capabilities of the 
N-156F can be readily varied for any type of 
mission. The principal air-to-surface arma- 
ment in the Rapiere system is the Nord AS.30 
series all-weather guided missile. These 
missiles weigh 1,125 pounds each and can be 
fitted with varied warheads. They can be 
carried on the centreline pylon of the N-156F 
at load factors up to 7g, or on underwing 
pylons at load factors up to 5.7g. A wide 
variety of other air-to-surface armament can 
also be carried, including a 2,000-pound bomb 
on the centreline pylon at load factors up to 
4.5g. Alternatively, a self-contained inter- 
changeable reconnaissance pod weighing 600 
pounds can be suspended from the centre 
pylon, and when necessary, standard 150- 
gallon (U.S.) external fuel tanks are carried on 
the underwing pylons; 200-gallon tanks can 
also be fitted, with minor modifications. 


For air-to-air roles, the wing is stressed to 
carry the Nord AA.20 or AA.25 missiles with 
a 7g load factor, either on pylons or wing-tip 
launchers. A single missile can be mounted 
underneath the fuselage, also with a 7g load 
factor. The N-156F can carry as many as five 


Nord missiles on a single mission. In this con- 
figuration, the gross take-off weight is only 
14,356 pounds, resulting in a wing loading of 
only 84 pounds per square foot, and assuring 
good take-off and handling characteristics. 


Numerous other types of air-to-air arma- 
ment may be carried, including Sidewinder 
missiles, 2.75-inch rockets, and Vulcan cannon 
and machine gun packs. 


Fire Control and Navigation Equipment 


Rapiere employs the Hughes TARAN fire 
control and navigation system — one of the 
most complete and advanced all-weather air- 
to-surface and air-to-air multi-purpose fighter 
electronics systems available today. Many 
components of the TARAN are derived 
directly from other operational USAF systems 
developed by Hughes during the past decade. 
The fire control radar utilizes the newly 
perfected low-noise parametric amplifier, 
giving greatly increased detection range for 
forward hemisphere air-to-air attack, air- 
borne moving target indication, ground 
mapping and contour mapping. The system 
includes computer functions which steer the 
aircraft, compute launching data and “cap- 
ture’’ the launched missiles. In addition, a 
bombing mode provides all-weather toss, loft 
toss or over-the-shoulder bombing capabili- 
ties. An all-weather air-to-surface missile 
launching mode enables Nord AS.20 or AS.25 
and AS.30 missiles to be fired even under the 
most adverse weather conditions. In the inter- 
ceptor mod2, TARAN provides the necessary 
air-to-air search, detection and _ tracking 
operations to launch the Nord air-to-air 
missiles in a forward hemisphere and direct 
them to the target in any weather. 


Operational use of the Rapiere TARAN is 
best described in three stages. First, the use of 
the radar and terrain clearance computer for 
ground mapping, terrain clearance, and 
contour mapping, gives the pilot a map of the 
area over which he is flying, with a 110 degree 
wide sector PPI display. Four display ranges 
are available, covering between 10 and 200 
nautical miles; markers are provided to enable 
the pilot to make quick and reasonably ac- 
curate determinations of his distance from 
ground features of interest. 


In addition, the terrain clearance and con- 
tour mapping modes display on the pilot PPI 
a picture of any terrain obstacles extending 
through and above a desired clearance plane, 
which can be preset by the pilot for any height 
between 0 and 5,000 feet below his aircraft. In 
operational use, the terrain clearance mode is 
used to provide a direct hedge-hopping 
capability, in which the pilot selects a clear- 
ance height and maintains it by flying on the 
lowest possible flight path which will keep his 
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scope clear of obstacles. This feature permits 
low-level approaches to target areas in all 
weathers, thus minimizing the likelihood of 
being detected by enemy radar. 


In order to ensure that the clearance height 
is maintained relative to the earth’s surface 
and does not change with aircraft roll or pitch 
manoeuvres, space stabilization is used in the 
contour mapping mode. In the terrain clear- 
ance mode, the clearance height is referenced 
to the aircraft’s flight path, so that any 
manoeuvres performed are quickly reflected 
by changes in the PPI display. 





























Prototype of the N-156F with long probe at the nose. 


Another major factor of the TARAN is 
compatibility with varied bombing modes. In 
the toss bombing mode, the pilot puts the air- 
craft into a radar or optically controlled dive 
at the target. In the radar attack, the pilot 
steers the aircraft to position it on the display 
screen position lines. At a predetermined slant 
range, an indication is made for the pilot to 
commence the pull-up manoeuvre. He then 
presses the firing trigger and pulls up, the 
bomb being released automatically. 


In a visual attack, the pilot detects the 
target visually and centres it on his optical 
sight, continuing the dive until an aural pull- 
up signal is heard. He presses the firing trigger 
and pulls up as in the radar attack. 


In the loft or over-the-shoulder attack, the 
desired run-in distance and pull-up angle are 
preset in the computer before take-off. In his 
attack, the pilot flies at a predetermined 
altitude and speed. When the target is sighted 
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The N-156F in the interceptor version with two 150-gallon external tanks and two Sidewinder air-to-air missiles at the 
wing tips. 


on the radar screen, he presses the firing 
trigger. The computer then generates a pull- 
up signal when the computed distance is 
equal to the desired run-in distance. The pilot 
makes a pull-up manoeuvre, during which the 
bombs are automatically released. 


For interception missions the TARAN 
system performs the conventional fire control 
functions of detecting airborne targets by 
radar and directing the intercept course. It 
does this in four primary functions: first, it 
automatically searches for the target by radar 
and presents the pilot with a display of all 
targets detected: secondly, after he has located 
and locked the radar onto his target, it 
presents steering instructions to guide him to 
the proper launching course for either co- 
altitude or differential altitude attacks; 
thirdly, the system prepares selected the arma- 
ment for firing and automatically fires it at the 


correct time; finally, the small missile capture 
radar, concentric with the search and track 
radar, locks onto the launched missile and 
diverts it into the main radar beam, which 
then provides course correction signals to 
direct the missile to its target. 


The Nord missiles 


The U.S. Department of Defense, which has 
funded the development of the N-156F, also 
participated in the advanced Nord missile pro- 
gramme through the Mutual Weapons Deve- 
lopment Team. 


The missiles used in the Rapiere weapon 
system are the AS.20 and theall-weather AA.25 
and AS.30. The AA.25 model is basically sim- 
ilar to the AS.20, with the addition of a simple 
autopilot to provide for radar guidance. These 
20 and 25 series missiles can be utilized in 
either air-to-air or air-to-surface missions. In 


A number of T-38 jet trainers and a N-156F (centre), currently undergoing flight tests at Edwards AFB, California, 
prepared for further tests. 
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the Rapiere system the yare primarily used for 
the air-to-air role. The AS.30 is a larger missile 
of the same concept, specifically intended for 
use against ground targets. 

The AA.25 is a self-spinning supersonic 
missile guided by radar command or manual 
control, and equipped with a proximity fuse 
for the air-to-air version or an impact type for 
the air-to-surface role. The missile has a 
slender tapering body with four cruciform 
wings, which are set at an angle relative to the 
roll axis, causing it to spin at approximately 3 
revolutions per second. Both versions weigh 
about 300 pounds, and are 98 inches long. 
Two types of warhead can be used, depending 
on the mission to be flown. Performance is 
supersonic, with a speed increment of appro- 
ximately 800 feet per second above the 
launching aircraft's speed. The absolute 
maximum range is over 35,000 feet, and 
maximum range ahead of the firing aircraft is 
over 14,000 feet. 

The powerplant is a two-stage solid rocket 
motor. The booster operates for two seconds, 
discharging through two diametrically op- 
posed lateral nozzles, and provides sufficient 
thrust for the missile to leave the launching 
aircraft and attain adequate speed to inter- 
cept the target. The sustainer fires approxi- 
mately one second after the booster has 
burned out and maintains thrust for about 
20 seconds. 

It has a single nozzle on the axis of the 
missile, and within this are mounted four jet 
spoilers which deflect the rocket exhaust in 
order to guide the missile. For the air-to-air 
mission, a proximity fused warhead of about 
50 pounds is fitted, and for the air-to-surface 
mission this can be replaced by an impact 
fused warhead of about 70 pounds. 


Control of the missile is achieved by signals 
transmitted from the launching aircraft, 
which has two tracking range gates. One of 
these tracks the target, and the other the 
missile. A computer in the aircraft relays 
correction commands to the missile command 
link receiver. In addition to the radar guidance 
it is also possible for the missile to be manually 
guided from the aircraft, providing a standby 
method if the radar is being jammed. The 
pilot can concentrate on guidance of the 
missile in the manual method by using the 
Self Adaptive Norair Automatic Control 
(SANAC) which maintains the aircraft’s 
attitude as required. 

The missiles can also be fired using the 
autopilot for inertial guidance along the 
initial line-of-sight, in which case the com- 
mand link is not utilized. 


AS.30 missile 


This is essentially similar in concept to the 
AS.20 missile, but is much larger, weighing 
1,125 pounds and carrying a warhead of about 
500 pounds. It incorporates all of the all- 
weather guidance features of the smaller 
missiles but possesses much greater destruc- 
tive capacity for use against ground targets. 
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Edwards Air Force Base, California: preparing to take off on a test flight with air-to-air missiles. 
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Single-Seat Combat Aircraft 





The AS.30 is far more effective than a bomb of 


the same weight, due to its high penetration 
velocity at impact and its high delivery ac- 
curacy. 


Reconnaissance 


Complementary to the offensive capability 
of the Rapiere is the ability to provide accurate 
information on potential targets and a means 
of bomb damage assessment. Conversion from 
air-to-surface or air-to-air configuration to 
reconnaissance is quickly accomplished by 
utilizing self-contained equipment pods. In 
addition to the reconnaissance sensors, these 
pods include power supplies, controls, con- 
ditioning, and all supporting functions re- 


























Technical Data for the N-156F 


Engines 
2 x General Electric J85-5, each with 3,850 Ib 
thrust with reheat 


Dimensions 


er 25 ft 3 in. 
Overalilength........ 45 ft 1 in. 
Overall height. ....... 13 ft 1 in. 
1, en ee eee 171.15 sq.ft. 
Weights 

Take-off weight without exter- 

i a err ee 12,351 Ib 


The following are the weights obtained with 
different types of external loads: 
N-156F (clean, without ex- 


co ee 12,351 Ib 
2 Nord AA.25 missiles .... 596 Ib 
Missile launchers. ...... 80 Ib 
Take-off weight. ....... 13,027 Ib 
N-156F (clean) ........ 12,351 Ib 
1 Nord AS.30 missile ..... 1,125 Ib 
Missilelauncher ....... 120 Ib 
2 x150 U.S. gall. tanks and 

Sa os Aba) ae Sa 2 347 Ib 
Take-off weight. ....... 15,943 Ib 
N=40GF (Giemn) «we et 12,351 Ib 
3 Nord AS.30 missiles .... 3,375 Ib 
Missile launchers. ...... 360 Ib 
Take-off weight. ....... 16,086 Ib 


N-1S56F (clean) .......2-. 12,351 Ib 
2 Nord AS.25 missiles .... 634 Ib 
Missile launchers for AS.25s_ . 240 Ib 
2GAR-8 missiles. ...... 312 Ib 
Missile launchers for GAR-8s . 102 Ib 
Take-off weight. ....... 13,639 Ib 
N-156F (clean) ......e-s 12,351 Ib 
Reconnaissance pod ..... 600 Ib 
Central pylon... 2 sss 100 Ib 
Se ee tt 634 Ib 
Missilelaunchers....... 80 Ib 
2 150 U.S. gall. tanks and 

| ae ee ee aes ae ee 2,347 Ib 
Take-off weight. ....... 16,112 Ib 
N-156F (clean) .....e+2-. 12,351 Ib 
3AS.25 missiles ....... 951 Ib 
Missilelaunchers. ...... 180 Ib 
2 150 U.S. gall. tanks and 

a a ee 2,347 Ib 
TORO WORE. wee 15,829 Ib 


Flight performance 


High altitude Mach 

a approx. 1.5 
Take-off roll, depend- 

ing on all-up weight. . 2,000-4,000 ft 
Landingroll ..... approx. 2,000 


ft 


Three-view drawing of the N-156F. 





Typical radii of action for different missions 











Mission Armament Auxiliary Radius 
fuel tanks of action 
Strike operations with low-level target 3 Nord AS.20 2 x 150 gall. 280 n.m. 
approach 1 Nord AS.30 2 x 150 gall. 280 n.m. 
2 Nord AS.20 + 2 x 150 gall. 275 n.m. 
1 reconnaissance 
pod 
3 Nord AS.30 _ 135 n.m. 
Strike operations with high-altitude 3 Nord AS.20 2 x 150 gall. 510 n.m. 
target approach 2 Nord AS.20 + 2 x 150 gall. 530 n.m. 
1 reconnaissance 
pod 
1 Nord AS.30 2 x 150 gall. 545 n.m. 
5 Nord AS.20 — 270 n.m. 
3 Nord AS.30 _ 235 n.m. 
















































“*X-ray” picture of the Northrop fighter. 
From nose to tail: TARAN radar 
antenna and equipment; various elec- 
tronic equipment;cockpit ;components 
of the radio and navigation system; 
fuel tanks, flanked by the air intake 
ducts; two General Electric J85-5 jets, 
with reheat. 





quired for pod operations. The sensing 
equipment is operated from the cockpit by 
means of a simple radio link. Standard shack- 
le attachment provides quick pod/store inter- 
changeability. Specialized pods are utilized for 
low and high altitude photographic, infrared, 
radar, and electromagnetic reconnaissance. 
Electronic counter-measure pods interchange- 
able with these units may also be carried. 
Typical pod dimensions are 18 inches in 
diameter and 163 inches long. The pod weighs 
approximately 600 pounds. 


Air-to-surface missiles may be carried on 
wing pylons in conjunction with the centre- 
line pylon-mounted reconnaissance pod. Air- 
to-air missiles may be carried on the wing 
tips in addition to wing pylon-mounted tanks 
or armament and the reconnaissance pod. 
83] 
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This is what a lake and island look like to the pilot 
on the radar screen of his TARAN system: (A) with 
distance scale set to 100 nautical miles; (B) distance 
scale at 50 nautical miles and (C) on transfer to 10 
nautical miles detection radius and greatly enlarged radar 
picture. 





Missions and performance 


take-off run is only 4,000 feet. The combination 
of leading edge and trailing edge flaps and the 
15-foot diameter drag ’chute limits the landing 
roll to less than 2,000 feet. 


With the present J85-5 engines (3,850 Ib sea 
level static thrust each), the N-156F is capable 


The N-156F is an extremely agile aircraft 
with outstanding take-off and landing per- 
formance and supersonic capabilities from 
sea level to more than 50,000 feet. For the 
Rapiere air-to-air configuration, armed 


with the Nord AA.25 missile, the manufac- 
turers give a take-off ground run of less than 
2,000 feet. With the air-to-surface AS.30 missile 


of speeds in excess of M = 1.5. Increased 
thrust from the J85-5 as a result of improve- 
ments now undergoing test will boost the 










and two 150-gallon external fuel tanks, the speed beyond M = 1.7 in the first production 


The N-156F’s armament can be selected from the arsenal shown here. First row, left to right : 2.75-inch folding fin air- 
craft rockets and (in the centre) five Nord AA/AS.25 missiles; right foreground, a container for nineteen 2.75-inch 
rockets. Second row: 7.62-mm Vulcan gun pod, 1,000-lb high-explosive bomb, 500-lb high-explosive bomb, 2,000-lb 
nuclear bomb, 500-lb high-explosive bomb, 1,000-lb high-explosive bomb, Northrop Aero X-11A special container for 
practice bombs and rockets. Third row: Hughes GAR-1D and GAR-3 Falcon air-to-air rockets, four 5-inch Zuni 
rockets with launcher, 2,000-lb practice bomb, Zuni rockets with container and Hughes GAR-1D and GAR-3. Fourth 
row: Philco GAR-8-1A Sidewinder and Raytheon Sparrow III air-to-air missiles, two 750-lb napalm bombs. Under 
the wings of the N-156F are two auxiliary fuel tanks, and at each wing tip a Sidewinder missile. 
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aircraft. Advanced thrust augmentation sys- 
tems providing speeds greater than M = 2.0 
can be employed if demanded by realistic 
military requirements in the future. 

At sea level, the N-156F is capable of M = 
1.1. It is noteworthy that the high drag and 
temperature rise of supersonic flight at sea 
level places all contemporary fighter aircraft 
remarkably close in performance capability. 
At military power (non-afterburning) all 
contemporary fighters are restricted to high 
subsonic speeds on the order of M = 0.92 to 
0.98. 

A comparison of the N-156F and a large 
contemporary tactical fighter aircraft illus- 
trates this sea level performance similarity: 











Maximum Military 
Power Power 

Tactical Fighter 
M max 1.25 0.98 
pounds fuel per hour 65,000 16,500 
duration (all internal fuel) 9 min 37 min 
N - 156 F 
M max 7.3 0.94 
pounds fuel per hour 23.000 6,500 
duration (all internal fuel) 10 min 36 min 





Air-to-surface missions 


The low-altitude air-to-surface mission 
offers the maximum opportunity for success 
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This 600-lb pod containing cameras and their controls 
can be mounted beneath the N-156F’s fuselage in a 
matter of minutes, making the fighter into a photographic 
reconnaissance aircraft. The pod carries one 18-inch 
camera (1), three trimetrogon cameras of 3-inch focal 
length (2), power units (3), relays and RF link to enable 
the entire photographic equipment to be operated from 
the cockpit (4) and a generator (5). 


against enemy counter-measures. Since mis- 
sion radius is drastically limited by maximum 
power flight, practical military requirements 
dictate that non-afterburning military or 
cruise power be used in flight to the vicinity 
of the target, with a short allowance (approxi- 
mately three minutes) of maximum perform- 
ance over the target. The N-156F and virtu- 
ally all other modern high-performance 
fighters carry out such a mission with cruise 
Mach numbers of approximately 0.7 to 0.8, 
military power Mach numbers of approxi- 
mately 0.9 and maximum power speed slightly 
over M 1.0. 

In the low-altitude economic cruise-out 
mission carrying the AS.30 missile and two 
150-gallon drop tanks, the N-156F radius is 
410 nautical miles. Military power cruise 
provides a mission radius of almost 300 nau- 
tical miles. 
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Long-range air-to-surface and reconnais- 
sance missions require flight to the target area 











at optimum cruise Mach number and altitude. 
Contemporary fighters have essentially the 
same performance in this mission phase 
-M = 0.8 to 0.9 at altitudes between 35,000 
and 40,000 feet. In the vicinity of the target, 
the approach is made by descending to low 
altitude to improve survival chances against 
strong local defences and provide the required 
delivery accuracy. Return to base is again 1m LL f. 
accomplished at optimum cruise conditions. 
The N-156F has a high-altitude mission radius 
of 550 nautical miles. 


A typical all-weather air-to-surface mission 
is executed as follows: 




















After briefing on the target to be hit, the 





pilot receives the position of the target in fi ait fl TT 
coordinates and sets these coordinates into 
the navigation control box as “next coordi- 
nates.” He then checks the coordinates of his 
present position to see that they are correct. 
After engine start and check, warmup and 
alignment of the electronic equipment, the 











aircraft takes off and proceeds on a course 








shown on the horizontal data indicator, while 
the pilot notes the “‘miles to go” indication on —_ Typical weapon loads for the N-156F: 


the navigation control box. 
gato and two Nord AS-25 missiles at the wing tips. 


The pilot can perform a low altitude 
approach to the target, if required, by placing the wings. 
the TARAN radar in either the contour map 
or terrain clearance modes. These radar modes 
enable him to detect and avoid an obstacle 
during a hedge-hopping or low-altitude 4 
mission. 

When the pilot determines that he is within 
100 miles of his target, he may place the radar 







Cutaway drawing of the Nord AA.235 air-to-air missile: 1. nose cone; 2. proximity 
fuse; 3. power pack with zinc/silver battery; 4. antenna in aft edges of opposite 
wings; 5. gyro; 6. autopilot; 7. CW transmitter; 8. electrical disconnect; 9. tracer; 
10. spoilers; 11. relays; 12. command guidance link; 13. booster motor; 14. sustainer 
motor; 15. warhead. 








I Armed reconnaissance with one camera pod beneath the fuselage, two 150-gallon auxiliary fuel tanks under the wings 


II Interception with two Nord AA.25 missiles and two GAR-8 Sidewinders. 
IIL Long-range strike against ground target with one Nord AS.30 air-to-surface missile; two 150-gallon fuel tanks beneath 


IV Short-range strike against ground target with three Nord AS.30 missiles. 


in the ground map mode and begin his search 
for the target. If he does not wish to radiate 
and give away his position until necessary, he 
can wait until “miles to go” is less than 50, 
since the navigational error is small enough to 
allow this. 


The Nord AS.30 missile is launched from 
the N-156F Rapiere by the following proce- 
dure. As the aircraft approaches the target in 
level flight, the pilot places the TARAN in the 
ground map mode, using first the 100 nautical 
mile display and then the 50 nautical mile 
display. As soon as the target is sighted on 
the scope, the pilot adjusts his course to centre 
the target on the “‘vertical reference line” on 
the radar and indicator scope. After the air- 
craft’s course has been corrected and the tar- 
get is detectable in the ‘‘50 mile” display the 
pilot actuates the “antenna elevation” switch 
which starts the target curser dot moving up the 
display towards the target. When the curser 
reaches the target the switch is turned off. 
The movement of the curser is then centred on 
the moving target display by “on-off” 
switching of the “‘antenna elevation”’ switch. 
When the target reaches the 10 mile range 
mark, the radar range switch is turned to 10 


Schematic drawing of the Nord AA.25/AS.30 missile 
system, plus controls and accessories. The complete 
system comprises the following components: A. missile 
capture computer; B. TARAN radar; C. attack computer; 
D. armament control panel; E. radar display; F. missile 
guidance computer; G. pilot control; H. coordinate 
transformer; J. armament control; K. antenna; L. com- 
mand link transmitter aircraft-missile; M. sequence box; 
N. missile power supply; O. radar transponder. Compo- 
nents D, J and K are from Northrop, A, B, C and E from 
Hughes, and the remainder from Nord-Aviation. 
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Single-Seat Combat Aircraft 





Fig. 1: Using the TARAN system for a blind attack on ground targets. 
Once the pilot is close enough to the target area, he switches his TARAN to 
the “mapping” mode (A). When the target—e. g., a spit of land in a bay— 
appears on his radar screen, he operates the antenna elevation switch, 

the target curser dot on the screen moves up the vertical reference 
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Fig. 2: Using the TARAN system for interception missions. Initially the radar is set to the 60-nautical mile 
range to scan the airspace for the allotted target (A). The pilot then reduces the range to 30 nautical miles and 
locks the radar onto the target (B). Next the fire control system continuously works out optimum solutions for 
the attack, which appear in the form of a circle on the screen (C). The split horizontal line is the pilot’s hori- 
zontal reference projected on the: screen by the artificial horizon. The pilot holds the aircraft on a collision 
course until the target echo coincides with the circle (D), and as soon as the calculated firing distance is reached 
a cross appears in the screen centre, whereupon the missile can be fired. 


miles and the “antenna scan” switch is 
changed from normal to narrow. This enlarges 
the image size and narrows the antenna 
azimuth scan from normal to +10°. The 
curser is again matched to target if nec- 
essary. When the 5 mile range is reached, 
the radar range switch is automatically moved 
to the “5 mile” position, which further 
expands the presentation. As soon as the pilot 
sees the missile “in range” signal, the missile 
can be launched. 


Immediately after launching, the missile 
capture antenna picks up the missile by its 
CW beacon signal. Error signals are generated 
to bring the missile towards the fighter-target 
line which has been determined by the radar 
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scope curser. A special radar beacon is 
utilized in the missile to provide the Rapiere 
radar with suitable missile position signals 
that can operate in the radar ground clutter 
environment. The missile guidance signals are 
fed to the coordinate transformer unit to 
change the coordinates from an aircraft to a 
missile reference, and then are transmitted to 
the missile to provide guidance signals for it. 


After destruction of the target, the pilot 
selects the destination (12 destination buttons 
available) to take him to his home base. When 
the “‘miles to go” indication is zero the air- 
craft will be at home base. The 12 destination 
buttons can be preset to enable the pilot to 
strike a chosen alternate target if required. 


This entire sequence can be carried out 
during day or night under any weather condi- 
tions with the same high degree of reliability. 


Air-to-air missions 


It is inevitable that target speeds will ulti- 
mately equal interceptor speeds, regardless of 
the Mach numbers attained by fighter aircraft. 
Further, even distinct speed advantages do 
not enable an interceptor to destroy a high- 
speed bomber from the tail aspect before the 
intruder discharges his lethal load over the 
target. 

Northrop recognizes that the ability to 
perform attack in the forward hemisphere is 
mandatory for successful interceptor missions. 
The N-156F Rapiere was designed specifically 
to provide the firing platform performance, 
electronics and armament required to conduct 
forward hemisphere attack. In addition, the 
Rapiere can attack from large differential 
altitude below the target. Missile launch from 
large differential altitudes exploits the superior 
performance of the missile itself. During target 
approach, the interceptor time-to-climb is 
minimized and the aircraft is allowed to 
accelerate and manoeuvre at its optimum 
aerodynamic altitude, approximately 35,000 
to 40,000 feet, which is identical for all con- 
temporary fighters. Forward hemisphere 
differential-altitude attack offers good chances 
of destroying targets flying at speeds above 
M = 2.0 and altitudes above 60,000 feet. 

In the air-to-air fast intercept mission 
carrying two 150-gallon tanks, the N-156F 
Rapiere has a mission radius of 280 nautical 
miles. Without tanks, the radius is 175 miles, 
more than adequate to complete an intercept 
mission within the coverage area of early 
warning and radar networks. 

A typical supersonic forward hemisphere 
intercept mission begins with the Rapiere and 
the pilot placed on alert status. The aircraft 
is fueled, armed and readied for immediate 
start. The TARAN system is similarly checked 
out. Although a wide variety of armament is 
compatible with the N-156F, the basic air-to- 
air armament for the Rapiere system consists 
of Nord AA.25 series missiles. Upon receiving 
the scramble order, the pilot completes the 
pre-flight checklist and prepares for take-off. 
The radar is placed in standby mode unless it 
is to be utilized in the take-off. (The radar can 
be utilized in the take-off and climb-out phase 
to avoid terrain obstacles and to assist in air- 
craft orientation.) After take-off the pilot 
turns the aircraft to the command heading and 
initiates the climb to combat altitude. When 
proper terrain clearance has been obtained or 
in visual flight conditions when any terrain 
obstacles can be visually assessed, the radar is 
placed in standby operation until the N-156F 
is within operational radar range of the target, 
as indicated by the GCI interceptor control 
operator. At this time the radar search is 
initiated about the interceptor-target line. 
Experience has shown that the forward hemi- 
sphere approach results in the smallest GCI 
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interceptor positioning error, which reduces 
interceptor manoeuvring in the conversion 
phase and lowers the required detection range. 
The altitude-hold feature of the automatic 
flight control system (SANAC) incorporated 
into the basic aircraft allows the pilot to fix 
his attention on the radar even if the climb- 
out has not been completed. After reaching 
the cruise-out altitude, the aircraft accelerates 
under maximum power until detection occurs. 
The TARAN radar provides a detection range 
of more than 25 nautical miles head-on ap- 
proach against a fighter-bomber target operat- 
ing in the stratosphere. This detection range 





M = 0.83 Fig. 
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AA. 
After climbing at military power the pilot jettisons the tanks 
at A and switches on the afterburner to accelerate to Mach 1.5: 
after attacking his target he returns to base. For an operational 
radius of 280 nautical miles there are sufficient fuel reserves to 
circuit at 35,000 ft for five minutes before descending and to 
repeat an aborted GCA landing approach. 


3: Mission profile for an interception mission (with one Nord 
25 air-to-air missile and two 150-gallon auxiliary tanks). 





Fig. 4: Mission profile for a low-level fighter-bomber 
mission (with one Nord AS.30 air-to-surface missile 
or three Nord AS.20s, plus two 150-gallon auxiliary 








fuel tanks). If the whole target approach is carried 
out at low altitude and a speed of around Mach0.81. 
the radius of action is 280 nautical miles, with 





allowance for some three minutes’ flight on reheat 
in the target area B. The return flight is made at over 
40,000 ft altitude and a cruising speed equivalent 








to Mach 0.83; once again there are fuel reserves for 
five minutes’ stacking above the base and the repeat 
of an aborted GCA approach. 
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Fig. 6: Mission profile for a reconnaissance mission with two 150-gallon auxiliary tanks. Without use of the afterburner 
the maximum radius of action is more than 700 nautical miles, though this is reduced to some 625 nautical miles if the 


special camera pod is carried (case B). 


The N-156F as interceptor with two Sidewinder air-to-air missiles. 


is sufficient for Rapiere to programme and 
complete the frontal attack. 


After the assigned target has been identi- 
fied, radar lock-on is made by the pilot. This 
initiates computation of the fire control 
solution that presents a pilot steering dot on 
the cockpit radar scope. The steering dot 
error is reduced by flying the aircraft on a 
missile collision course until the launch point 
is reached. As soon as the computed firing 
range is reached, an in-range signal is indi- 
cated and the pilot may fire. After launch the 
missile is acquired by the missile capture radar 
and guided into the main radar beam by 
command to the missile autopilot. After the 
missile is acquired by the second range gate in 
the radar, missile guidance is accomplished by 
a closed loop control system. Concurrently 
with the capture of the missile, the TARAN 
fire control computer generates a steering sig- 
nal for the pilot to fly the aircraft on a propor- 
tional navigation course calculated to mini- 
mize the manoeuvring requirements of the 
missile. At any time before launch or during 
the missile flight the pilot is able to select 


manual control. 
* 


Aircraft designers and military leaders in 
various nations of the world today are attempt- 
ing to reshape combat aircraft of 1950 vintage 
design to meet requirements of the 1960’s— 
unprecedented requirements not even antici- 
pated at the time the original concepts of these 
aircraft were established. 


The engineers and technicians who must 
solve this problem are, in many cases, merely 
confronting once again the task they have 
faced several times before as they attempted, 
through increasingly complex modifications, 
to give new life to obsolescent designs. 


Northrop Corporation’s advanced design 
and engineering teams have developed an 
entirely new aircraft which utilizes to maxi- 
mum advantage the lessons learned from its 
predecessors, the latest breakthroughs in 
design and material technology and the 
contemporary state of the aircraft art. 


The result is the N-156F weapon system, 
one configuration of which is the Rapiere, 
described here. + 
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Saab J35A Draken single-seat fighter. F13 Wing at 
Bravalla is the first to be equipped with this aircraft. — A 
version at present undergoing tests, the J35B, with a more 
powerful jet engine, the Svenska Flygmotor/Rolls-Royce 
RB.146 (with Flygmotor afterburner), is very similar to 
the Draken offered for export, but differs in its electronic 
equipment. The export version can, if required, carry two 
separate telecommunications systems, a Data-Link and a 
Ferranti Airpass II radar fire control system. The J35B 
ordered for the Swedish Air Force, on the other hand, will 
be fitted with a Saab S7 collision course fire control system 





and have electronic equipment designed for integration 
with the STRIL 60 semi-automatic airspace surveillance 
and GCI system at present being introduced. — The 
Draken has the choice of the following types of weapons: 
2 x 30mm cannon plus one or two rocket launchers, each 
with 19 7.5 cm air-to-air missiles, plus two or four 
Sidewinder air-to-air missiles (fighter missions) ; two 30mm 
cannon plus 12 x 3.5 cm rockets (strike missions); one 
or two 1,000 1b bombs or nine 200 1b bombs or 18 x 13.5 
cm air-to-surface rockets (export version). 


Saab is producing large numbers of the Safir trainer and touring aircraft (available in three- or four-seat versions), 
which is in service not only with the Swedish Air Force, but also with those of Norway, Finland and Ethiopia. The Safir 
is also used in many countries for the basic training of airline pilots. 
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swedish Aircraft Industry 


and Air Force 


By E. Baur, Interavia, Geneva 


IS endezvous at Zurich-Kloten... A group 
of Swiss journalists prepare to travel north as 
the guests of the Swedish aircraft industry and 
Air Force. What is in store for us? Shall we 
really see some of the newer developments? 
We were indeed agreeably surprised, for 
everywhere we went, whether air force bases 
or industrial and research establishments, we 
found open doors. 

In brief, it was made abundantly clear that 
Sweden is firmly resolved to stand by her 
policy of neutrality and will shrink from no 
material sacrifice to uphold it. And since the 
country regards its Air Force as its “‘first line 
of defence”’ in the event of a surprise attack, 
it is quite natural that, out of 2,918 million 
crowns defence appropriations for fiscal 1960/ 
1961, 40 percent has been allocated to the 
Air Force’. 

On the very first day of our stay we were 
given information on the use of this sum, 
which represents no mean burden for a 
country with a population of only seven 
million. The Air Force Chief of Staff, Major- 
General Lennart Peyron, the Head of the 
Operations Division, Lieut.-Colonel Ulf Cap- 
pelen Smith, and the Head of the Training 
Division, Lieut.-Colonel Bo Hedberg, told us 
about the organization and armament of their 
service: Sweden’s Air Force at present con- 
sists of nine day fighter wings with a total 27 
squadrons; two night fighter wings with six 
squadrons; four fighter-bomber wings with 
12 squadrons; five reconnaissance squadrons; 
one air base corps; and one search and rescue 
unit. With only a few exceptions, all the air- 
craft, whether day or night fighters, fighter- 
bombers or reconnaissance aircraft, are pro- 
duced in Sweden. 


Conversion of day fighter units to Drakens 

Bravalla is the base of F13 Wing, the first 
Swedish Air Force unit to be equipped with 
the new Saab 35A Draken single-seat super- 
sonic fighter. Major Gésta Norrbohm packed 
our group into two Pembroke transports, and 
after a forty-minute flight we were being wel- 
comed by the Commander of F13 Wing, 
Colonel Nils Magnus von Arbin. His three 
squadrons, which are still using Saab J29 
(‘Flying Barrel’’) single-seat fighters, are in 
the midst of conversion training. The ground 
crews, too, began their conversion training 
some time ago. Under present conditions, the 
Swedes are taking their time and are willingly 
sacrificing a few extra months in the interests 


1 The funds allotted to the Air Force are as follows: 
Pay 12 % (135 million crowns); servicing and maintenance 
13% (157 million crowns); procurement of materiel 68 % 
(799 million crowns); other appropriations 7 % (83 million 
crowns). (1 million crowns = U.S. $ 193,425). 


Quality and Striking Power 
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1 Major-General Lennart Peyron, Swedish Air Force Chief of Staff, demands the maximum degree of operational readiness even in peacetime. 2 Erik Boheman, Chairman of the 


Board of Directors of Svenska Aeroplan AB and former Ambassador to the United States. 3 Tryggve Holm, Managing Director of Svenska Aeroplan AB. 4 Lars Brising, Direc- 
tor of the Engineering Department of Saab: “‘Think and build,” not “cut and try.” 5 Bengt Olow, Chief Test Pilot, and Engineer Erik Bratt, designer of the Draken. 


of more thorough training of flying personnel 
and ground crews. By spring 1961 all three 
squadrons of the Bravalla wing should be 
fully familiarized with the Draken. Mean- 
while, however, Colonel von Arbin makes it 
quite clear that the conversion training of his 
unit could, if necessary, be considerably 
speeded up, though operational efficiency 
might be slightly lowered by “forcing the 
pace.” 


Sweden's Air Force flies Swedish aircraft . . 


In the foreseeable future, at any rate, all 
front-line units of the Swedish Air Force will 
be equipped entirely with Swedish-built air- 
craft. What is more, the American Sidewinder 
air-to-air missiles with infra-red homing head 
are regarded purely as a temporary solution 
and will sooner or later be replaced by 
weapons of Swedish design. The strike units, 
flying Saab-32 Lansens, are already equipped 
with Swedish Type 304 guided missiles which 
are, however, used primarily for operations 
against land and sea targets. 

The centre of our hosts’ airframe and elec- 
tronics industry is Linképing, home of 
Svenska Aeroplan AB (Saab), an industrial 
town with some 60,000 inhabitants about 120 
miles south of Stockholm. The Saab plant 
employs about 9,000 office and factory wor- 
kers; this number also includes the employees 
of the branch works at Jonk6ping and Stens- 
holm (instruments and equipment), Géteborg 
(electronic equipment for aircraft and guided 
missiles) and Trollhattan, where the facilities 
are almost entirely given over to automobile 
production. 

The Saab-35 Draken all-weather supersonic 
fighter is at present on the company’s produc- 
tion lines at Linképing. Version A is already 
being delivered to the Air Force, and two 
other versions have been developed: the J35B 
(also designed for export) and the two-seat 
trainer, the J35C. 


It might, perhaps, seem somewhat rash for 
a relatively small country to spend billions on 
an aircraft industry which is ultimately depen- 
dent mainly on the home market. The quality 
of the Swedish products and the high effi- 
ciency of the production plant have, however, 
enabled the country’s aircraft to capture a not 
inconsiderable share of the foreign market. 
The “export Draken” mentioned above stands 
a good chance of being procured by a number 
of countries—including some which tradi- 
tionally buy their aircraft in Britain and the 
United States. Although these promising 
prospects have, as yet, shown no concrete 
results, they bear undeniable testimony to 





Delivery of several hundred Saab A32A Lansen all- 
weather strike aircraft (upper picture) to the Swedish 
Air Force was completed in May, 1958. An all-weather 
and night fighter variant, the J32B, and a reconnaissance 
version, the $32C, were also developed; production of 
these has now been phased out. — Ata flight demonstra- 
tion at Saab’s Link6ping airfield, a J32B with four 
Sidewinder guided missiles, piloted by Lieutenant Frieberg, 





was among the aircraft which paraded before represen- 
tatives of the Swiss press. The take-off weight of this air- 
craft was quoted as 25,300 1b; take-off distance was about 
2,800 ft (average runway length at Swedish air bases is at 
least 6,600 ft).— Lower picture: Final assembly line for 
the Saab J35A Draken supersonic fighter. The aircraft’s 
extremely good take-off qualities enable it to operate 
from motor roads in the event of an emergency. 
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Wind tunnel for speeds of Mach 0.7 to 3.6 at Svenska Flygmotor AB’s Aerodynamic Laboratories at Trollhattan. A 
large number of the tests for the Draken were among those carried out in this tunnel. 





In this test chamber Draken components and equipment are tested at temperatures as low as — 70°C and at simulated 
altitudes of 99,000 ft. 


Rotating test rig for the Draken fuel system developed by Saab. All flight attitudes can be simulated with this equipment. 
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the foresight of the designers... As Saab 
Engineering Department Director Lars Bris- 
ing says, Sweden’s industry has rejected the 
“cut and try”’ principle in favour of the “‘think 
and build” concept. 


... powered by home-built engines 


Take-off . . . “Saikerhetsbalten och R6kning 
férbjuden”, or, translated into the inter- 
national language of aviation: “Fasten seat 
belts—no smoking.’ The two Pembroke trans- 
ports head westwards for Trollhattan, home 
of Svenska Flygmotor AB. 


For thirty years Flygmotor has been build- 
ing aero engines under contract to the Swedish 
Air Force, and in 1952 began to manufacture 
Rolls-Royce Avon jet engines under licence. 
Known in Sweden by the designation RMS5 
(Avon RA.7R), these engines were produced 
primarily for the Saab-32A Lansen. Today 
Flygmotor is concentrating on the RM6, to 
power the Saab-32B and the J35A Draken. 
For this engine Flygmotor and the Royal 
Swedish Air Board have jointly developed a 
high-performance afterburner, enabling engine 
thrust to be raised from 11,220 1b to 14,340 Ib.? 


Flygmotor is now carrying out further im- 
provements on the RM6 in close collaboration 
with Rolls-Royce, and Director Sven Hede 
intimated that preparations for the produc- 
tion of the Avon RB.146 to power the J35B 
version of the Draken are already well under 
way. Like the RM6, the RB-146 is to have an 
afterburner of Swedish design. 


Some time ago Flygmotor began to develop 
pulse-jets and a ramjet engine, the RR2, for 
a speed of around Mach 3; finally, the com- 
pany has built a liquid-propellant rocket 
engine, the VR3 which, with an installed 
weight of only 165 Ib, produces a thrust of 
5,720 lb at an altitude of 66,000 ft. While the 
RR2 appears to have been designed for an 
(unspecified) guided missile, the VR3 is to be 
used primarily as an auxiliary powerplant for 
manned fighters, such as, for instance, a later 
generation of the Draken. The rocket engine 
could also, of course, be used for a guided 
missile. Flygmotor’s plans for the future were 
not disclosed, but the extensive research work 
in the field of ramjet and rocket powerplants 
would appear to indicate that the RR2 and 
the VR3 are but the beginning of an impres- 
sive line of development. 


Guests of the Kungl. Gota Flygflottilj 
and a day’s flying at Satenas 


Like most day fighter units of the Swedish 
Air Force, the F9 Fighter Wing, stationed at 
Save, is still using “‘Flying Barrels” while 
awaiting the Draken. These are, however, the 
latest version, the J29F, powered by Ghost 
engines with Swedish afterburners and with 
considerably better climb performance and 
service ceiling than earlier versions. The main 
task of F9 Wing, which is commanded by 
Colonel Ake Mangard, is the defence of a 
large area around Géteborg. All aircraft of 
the three squadrons of this Wing are housed 
in heavily reinforced tunnels, but can be air- 
borne in three to four minutes in the event of 


2 Cf. Interavia Review, No. 1/1959: ‘Afterburner 
Design and Development in Sweden,” by Chief Engineer 
Osten Svantesson. 














Not only does Svenska Flygmotor build Avon jet engines under licence and produce high-performance afterburners of its own design; it has also developed the RR2 ramjet engine 
(upper right). The RR2, which has a dual-shock diffusor, is designed for flight speeds of around Mach 3. The unit is to power an unspecified guided missile of Swedish origin. 
Lower right: the VR3 liquid-propellant engine developed by Svenska Flygmotor. Installed weight 165 Ib; sea level thrust 4,840 Ib; thrust at 66,000 ft 5,720 Ib. VR3 is designed as 
an auxiliary power plant for manned interceptors, but could also be used for guided missiles. Picture at left shows one of Svenska Flygmotor’s underground final assembly halls. 





Robot 304, developed for the Lansen. This guided missile, 
which apparently has a solid-propellant motor for cruising 
and has no booster, is designed primarily for operations 
against targets at sea. It is approximately 15 ft long, with 
a launching weight of roughly 1,000 lb. Robot 304 is de- 
signed to perform at high subsonic speeds and is said to 
have a range of about 3 miles. 


an alert. Colonel Mangard was most eager to 
show us a unit at runway readiness. Here the 
aircraft stand on the runway ready for take- 
off, their running engines receiving a continu- 
ous supply of fuel via under-wing manifolds 
from a hydrant system specially designed for 
the purpose. On take-off, the fuel hoses fall 
away from the aircraft, and the manifold 
closes automatically. 

We were given a most convincing demon- 
stration of the fighting efficiency of Sweden’s 
20,000-strong Air Force at an exercise of F7 
Fighter-Bomber Wing at Satenids. The history 
of the Kungl. Skaraborgs Flygflottilj F7, at 
present commanded by Colonel Folke Bark- 
man, dates back to 1940. At that time the air- 
craft used were twin-engine Caproni bombers; 
today the three squadrons fly Saab A32 
Lansen two-seat strike aircraft. Twenty-four 
aircraft, about the same number of reserve 
aircraft and roughly 900 military and civilian 





Seated at the back are the three tireless companions of the 
group of Swiss journalists: Hans G. Andersson of Saab, 
Mrs. Barbro Beer, of the Swedish Foreign Ministry, and 
Colonel Walo H6rning, Saab representative for Switzer- 
land. (The happy faces of my colleagues in the front row 
are proof that the proverbial Swedish hospitality is some- 
thing more than a myth). Lower picture: Major Gésta 
Norrbohm readily replied to almost every question, 
though when talk turned to guided missiles he smilingly 
confessed that he was no specialist. 





































Bo K.O. Lundberg, 
Director of FFA at 
Ulvsunda. 


The Swedish aircraft industry’s own facilities are supplemented by a number of 
research institutes: The Aeronautical Research Institute (Flygtekniska F6rs6ksan- 
stalten— FFA) at Ulvsunda, the Royal Institute of Technology (Kungl. Tekniska 
Hoégskolan) at Stockholm and the Royal Swedish Air Board (Kungl. Flygférvaltnin- 
gen). The picture shows the administrative building and laboratories of the Aero- 
nautical Research Institute. Among FFA’s equipment are five supersonic wind 
tunnels with cross sections measuring 6.3 x 6.3 in., 3.15 x 12.6 in., 9.4 x 11.8 in., 
35.4 x 45.3 in., and 17.7 x 22.6 in. There are also a conventional subsonic wind 
tunnel with a test section 11.8 ft in diameter, a high-speed tunnel with a test section 
3.28 ft in diameter, and a tunnel for flow speeds of the order of Mach 7 (diameter of 
test section 7.9 in.). Yet another tunnel for speeds of Mach 4 to Mach 10 is under 
construction. 





personnel make up F7 Wing. A relatively 
small unit, but, with its highly efficient techni- 
cal equipment, by no means to be underrated. 


* 


| 
In conclusion, a word of thanks for a warm 
welcome in a cold country ... of thanks to | 
Sweden’s aviation research institutes, aircraft 
industry and Air Force. In the steps of Nils 
Holgersson, we travelled—not with the wild 
geese, but with Air Force transport and a 
small Safir—from one end of the country to 
the other across endless forests and countless 
lakes, from air base to air base, from factory 
to factory. Back at home, it feels good to 
know that there is a country in the North 
prepared to make great sacrifices to defend 
its freedom and neutrality with its own 
resources. + 
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< @ The Fairey Company, London, exhibited a range of products from 


the member companies of the Group at the Instruments, Electronics and 
Automation Exhibition held in London from May 23rd to 28th, 1960. Seen 
here is the Fairey Electro-Hydraulic Servo Valve which is manufactured 
and marketed by the Hydraulics Division. A working demonstration staged 
at the Exhibition showed how small an input is required to control a powerful 
output. A small weather-vane, blown lightly by the mouth and caused to 
take up a head-to-wind position, gave a proportionate movement via a 
Servo Valve, to a hydraulic actuator capable of exerting many tons of 
thrust. Other exhibits included microfilters, low frequency vibration gener- 
ators, and oscilloscope cameras. 


@ Avien Inc., Woodside, New York, has announced the development 
of a two unit jet engine Time Temperature Recorder. The TTR system 
weighs 5.5 pounds and is designed to continuously display jet exhaust 
gas temperatures and automatically monitor and record the duration of 
overtemperatures and the number of overtemperature events. The unit 
also supplies a signal for warning of a critical overtemperature condition. 
On the left is the panel-mounted indicator which is accurate to + 5°C. The 


recorder unit on the right can be installed in any convenient attitude and > 


does not require shock mounting. 


What's New in Electronics ? 











@ Marconi's Wireless Telegraph Company Ltd., Chelmsford, England, has issued 
details of the Type S307 Airways Surveillance Radar. Operating in the 50-cm band, it possesses 
all the qualities of the Type S 264A with the additional advantage of improved definition and 
increased maximum range. The transmitter, modulator, power unit and receiver are normally 
contained in an underground reinforced concrete building, on the roof of which is mounted 
the aerial system. The remainder of the equipment is located in the control tower, and the 
aerial may be separated from the tower up to a distance of 4,500 yards. The reflector is construc- 
ted of spaced aluminium alloy rods and has a vertical aperture of 12 feet and a horizontal 
aperture of 67.5 feet. Due to the method of construction the power required to turn the aerial 
in high winds is reduced and rotation speeds of 10 and 5 r.p.m. are provided. 


@ Boeing Airplane Company, Wichita Division, Kansas, 
has established a new computer centre specializing in numeri- 
cal control. Illustrated is a Plotter-Verifier designed by the 
Division to verify its three-dimensional control tapes developed 
for 16 units of numerical controlled equipment. The machine 
will draw all three views of a particular part showing the cutter 
centre lines, thus illustrating any errors that may have occurred 
in the tape programming. The object of the new computer 
centre will be to provide a numerical control service to all 
industrial users who employ numerically controlled machine 
tools. 
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Boeing Airplane Company, Seattle, Wash., has 
developed a range of miniature instruments to record 
physiological functions in space medicine research. 
The instruments are worn on a belt around the waist 
with a miniature battery box, providing an integrated 
system. The small size allows greater freedom of 
action to the subject of the experiment than the larger 
standard equipment and also facilitates taking in- 
flight data for telemetering to ground pickup stations. 
The instruments include miniature electrocardio- 
graphs, phonocardiographs, respirometers, electro- 
encephalographs and equipment for measuring body 
temperature. Units are at present under development 
for the measurement of blood pressure. 


@ Librascope Division, General Precision Inc., 
New York, N.Y., has designed and produced the 
Data Processor for an Air Traffic Control system 
sponsored by the Federal Aviation Agency. The 
digital computer unit illustrated here has a magnetic 
drum storage capacity of 256,000 words and is now 
undergoing evaluation trials at the National Aviation 
Facilities Experimental Center in Atlantic City. 


@ The Boeing Space Medicine Section of the 










































@ Dorne and Margolin Inc., Westbury, New York, has designed a UHF communications system antenna 
which also fulfils the duty of a lightning rod on the radome of the Grumman WF-2 Tracer. As the plastic 
radome forms a large part of the aerodynamic surface there is a danger that damage from lightning 
strikes would seriously affect the flying characteristics of the aircraft. The lightning rod-antenna is a 
vertical dipole encased in fibreglass, and the dipole feed point is protected by an airgap. For communi- 
cations it operates in the frequency range of 225 to 400 Mc/s. 


@ Intercontinental Dynamics Corporation, 
Englewood, New Jersey, has commenced 
commercial production of the VPT 10 Air Data 
Calibrator Tester and has already made deliveries 
to Pan American Airways and to Braniff. Oper- 
ating from a 400 c/s supply, the 38 pound tester 
enables one man to test the complete installation 
of flight instruments on a jet aircraft in twenty 
minutes. The unit simulates altitudes up to = 
80,000 feet and speeds up to 650 knots and pro- 

vides an accurately calibrated source for testing 

altimeter, airspeed, machmeter, true airspeed, 

max. allowable airspeed, flight recorder, autopilot 

air data sensor and altitude transponder units. 

The equipment is illustrated here connected to P 
the pitot and static ports in preparation for the — 
instrument check. 





@ Goodyear Aircraft Corporation, Akron, Ohio, is conducting a nine-month mechanical and operational 
evaluation programme of the missile trackers for the joint USAF-RAF Ballistic Missile Early Warning 
System (BMEWS) to be installed at Fylingdales Moor, Yorkshire, England. The radome seen under con- 
struction will house the tracking radar antenna at the site and can withstand gale force winds up to 185 m.p.h. 
The giant dome is made of paper pressed into hexagonal plates—each more than 6 feet high—and faced 
with plastic-impregnated fibreglass. The diameter of the completed radome will be 140 feet. 






















The Advantages of an Angle 
of Incidence Indicator 


By A. Boisson, Chef de la Section Etudes Aérodynamiques du Centre d’Essais en Vol, Brétigny 


The angle of incidence and the indicated air- 
speed (or to be more exact the value of !/, 0 V? if 
the airspeed indicator is not accurate) appear to 
have comparable importance from the point of 
view of the flight of an aircraft and in consequence 
its pilotage. 

In fact, the angle of incidence indicates the 
resultant of the aerodynamic forces in position 
and direction, while the indicated airspeed indi- 
cates their magnitude!. 

At present, instrument panels are all equipped 
with airspeed indicators but an angle of incidence 
indicator is very rarely seen. 

However, the indicated airspeed is far from 
being sufficient for the pilot. To be convinced on 
this point, refer to the first equation of flight 
which expresses the equality between lift and 
apparent weight of the aircraft. 

nmg = 3/20 V2 SCL 

This expression shows that for the cases of 
flight corresponding to a given lift coefficient Cz 
the speed of the aircraft must be proportional to 
the square root of the weight mg and the load 
factor n, a situation calling for either complicated 
mental gymnastics or the use of correction tables. 

In consequence it should be remembered that 
an aircraft which stalls at 100 knots in straight 
and level flight, will stall at 141 knots in a 
60 degree banked turn (for the apparent weight 
is doubled by the centrifugal force). Unhappily 
the disregard of this fact still continues to cost 
the lives of far too many crews. 

Another example is supplied by commercial 
jet transports where the weight can vary con- 
siderably. As a result the speeds of take-off and 


1 At least in subsonic flight up to approximately M 
0.7. At higher speeds it is necessary to allow for Mach 
effects. 


Fig. 2 The components of the angle of incidence indicator. 
and right the pressure operated switch for stall warning. 
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landing also vary according to this law of 
proportionality to the square root of the weight. 
These variations are far from negligible, and it is 
imperative that they are always taken into 
account. It is even more important in connection 
with this type of aircraft, where speeds must be 
maintained far more accurately than with 
propeller-driven machines, owing to the pro- 
ximity to the region of reversed command. 








Fig. 1 1. Horizon. 2. Aircraft datum line. 3. Flight path of 
the aircraft. 


At a later stage there will be opportunity to 
quote other examples where the angle of incidence 
constitutes the key factor. How does it come 
about that after a half century of aviation it 
remains so little known despite its importance? 


The main reason certainly lies in the difficulty 
of detecting this angle correctly. 


One well-known solution to this problem 
consists of using a detector vane. In operation 
this instrument detects only the incidence of the 
local aerodynamic flow in the area where it is 
mounted. Furthermore, certain types of vane 
disturb the local flow by their own presence. 
These are minor inconveniences, for the practical 
need is only an indication of the aircraft’s 
incidence. Much more complicated are the 
problems of de-icing, of keeping friction to the 
lowest possible proportion and of fragility, which 


Left, the panel instrument; centre, the pressure sensing probe, 


make the use of the vane practically impossible 
on a military or commercial scale. 

These difficulties were mentioned in the 
article by C. E. ““Chuck’”’ Myers Jr.?, who also 
emphasized the importance of the angle of 
incidence most particularly in relation to landing. 

In order to find another simple and effective 
solution, it is necessary to examine the problem 
closely. To do this and also to stay within the 
same references as the article quoted, we will 
examine the question in relation to a particular 
situation, namely that of the approach. 

It is well known that the optimum approach 
path is the result of a compromise; on the one 
hand the approach speed must be as slow as 
possible in order to reduce the length of the 
ground roll on landing, while on the other it must 
be sufficiently fast to ensure a correct margin of 
safety in relation to the stalling speed of the 
aircraft®, 

This last phenomenon occurs when the angle 
of incidence reaches a value which can be 
expressed as ip, which is practically the same at 
which the lift coefficient is at its maximum. It is 
not attained at a particular speed, as the speed is 
proportional to the square root of the weight and 
the loading. 

The margin of safety on the approach can 
therefore be defined by the difference between the 
angle of incidence at the stall and the angle of 
incidence during the approach i4 or by the 
ratio ip/ia. 

Before commencing to design an incidence 
indicator which enables an aircraft to be flown 
at an incidence ia, one might ask if one of the 
existing panel instruments cannot fulfil this 
function. 

In fact, and although it may appear illogical, 
it is the airspeed indicator which is habitually 
used for this purpose. But, as has already been 
mentioned, it is necessary to correct the speed for 
each flight condition according to the weight and 
loading. This application of the equation trans- 
lating the equality between the apparent weight 
and the lift causes the airspeed indicator to be 
used as an indicator of the lift coefficient and 
therefore of incidence. This procedure is obviously 
unattractive and inconvenient in view of the 
calculations it necessitates. 

Would the artificial horizon be more useful for 
this function? In principle —no, since this instru- 
ment measures the longitudinal attitude A of 
the aircraft, which is not equal to the incidence 


2**The Alpha Approach,” /nteravia No. 4, 1959. 


3 A compromise to which should be added other factors 
such as instability, efficiency of the control surfaces etc. 





ony ae 








one ce 


+ ane 


a 


but to the algebraic sum of the incidence and 
the angle 6 of the flight path (figure /). 

One could, however, consider the use of the 
artificial horizon as being legitimate for certain 
conditions of flight where the angle @ is known, 
for example at the cruise or in an ILS approach. 
Here again one finds an objection. If there is a 
wind or vertical gusts in the atmosphere, the 
angle of the flight path relative to the air is 
different from the angle of the flight path relative 
to the ground. The resulting incidence error is 
equal to the difference between these two angles. 

A special instrument is necessary therefore. 
Taking into consideration the nature of the 
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Fig. 3 Two examples of probe mounting on the leading 
edge of the wing. The characteristic downward rake of the 
probe is clearly illustrated. 


incidence, the local incidence of the probe is 
zero. In these conditions it is obvious that by 
reason of its symmetry the pressure difference 
between the two pressure ports on the probe is 
nil. The mark on the dial indicating zero 
pressure is therefore the indication of the 
desired incidence. The need to indicate a 
fairly large angle of incidence for the approach 
indicator or for a stall warning device makes it 
necessary to mount the probe with a pronounced 
downward rake (in the order of 20°). 


The direction of rotation of the needle is in the 
same sense as the variation of incidence. 


For example, when the incidence of the aircraft 


problem and in order to achieve the maximum in 
simplicity, its design must cover the following 
requirements. 


_— 


w 


The instrument must indicate a_ specific 
incidence is. To do this one can imagine that 
it will consist of a needle moving over a scale, 
in such a way that when the needle is coincident 
with a mark on the scale the pilot is assured 
that the aircraft is flying at the incidence ia. 

It does not appear absolutely necessary that 
the scale should be graduated completely, since 
it is only necessary to place the needle against 
the mark to fly at the desired incidence i. 
The instrument must aid the pilot in his 
manoeuvres to obtain the incidence i4; that is 
to say that it must indicate to him if the 
incidence is too large or too small; if during a 
particular manoeuvre it increases or dimin- 
ishes; and if it is necessary to make a large or 
small correction and if so in what sense. To do 
this it is essential that the needle always turns 
in the same direction when the incidence 
increases and in the opposite direction when it 
is reduced. 





gauge across the pipelines. When the pressure 
difference in the lines is zero the contact 
operates some form of warning (klaxon, stick 
shaker). Also, for this application, the dial of 
the gauge is marked with a red danger sector 
indicating the dangerous angles of incidence 
(figure 2). 

It can be seen that this instrument possesses 


is less than the angle desired, the airflow 
attacks the upper side of the probe, and the 
pressure on the upper sensing port is higher 
than that on the lower; the needle then indicates 
below the zero mark, If the incidence is greater 
than that to be maintained the airflow strikes 
the lower side of the probe, the pressure at the 
lower port is higher than at the upper, and the 
needle registers above the zero. 


The instrument therefore is valuable from the 
point of view of pilotage; it clearly indicates to 
the pilot if his control movements bring the 
aircraft closer to or farther away from the 
desired angle of incidence. For this information 
to be both usable and satisfactory it is 
essential that the sensitivity of the instrument 
is neither too small nor too great. To adjust 
this is merely a matter of selecting a suitably 
damped pressure gauge. 


w 


Experience has shown that the pressure 
difference indicated by the gauge is a linear 
function of the incidence of the aircraft but 
that it is also proportional to the dynamic 
pressure. This proportionality makes it impos- 


An angle of incidence indicator for the approach 


At the Flight Test Centre of Brétigny these 
requirements have resulted in the instrument 
developed by Engineer Idrac. This instrument 


the simplicity that was desired in the require- 
ments stated earlier. It remains to examine how 
it fulfils the other specifications which were laid 
down. 

1 The instrument enables a positive indication to 


sible to graduate the gauge in incidence, but it 
has been found that such a graduation is not 
necessary on an approach indicator. 

To find the necessary downward rake for the 
probe a flight test is carried out in the approach 





has been in existence for some twelve years and 
has been fitted on a large number of aircraft. It 
is manufactured by l’Appareillage Aéronautique. 


The component parts of the instrument are as 


follows: 


tw 


w 


A pressure sensing incidence probe. This is in 
the form of a cylinder terminating in a tapered 
head which contains two pressure ports 
symmetrically positioned in relation to the 
axis of the cylinder (figure 2). 

It can be mounted on the fuselage nose (in the 
absence of an engine) or on the leading edge 
of the wing so that the axis of the cylinder and 
of the two pressure sensing ports (vertical one 
above the other) is parallel to the longitudinal 
axis of the aircraft, and with a certain down- 
ward rake which will be defined later (figure 3). 
A pressure indicator. The rotation of the needle 
is proportional to the pressure difference 
between the two ports on the probe. The 
needle is at zero when horizontal (figure 2). 
In the event of the instrument not being used 
as an angle of incidence indicator but as a 
stall warning device, a pressure operated 
contact is fitted in parallel with the pressure 


be made of a particular angle of incidence. 
This is explained by the fact that the local 
angles of incidence at all points in the aero- 
dynamic field of the aircraft are a function 
solely of the angle of incidence of the aircraft 
(always assuming low Mach numbers). 


The probe is mounted in such an attitude that 
when the aircraft is at the desired angle of 


Fig. 4 A slotted probe for installation on the side of the 
aircraft fuselage. 





configuration, and the stalling speed and the 
speed at which the gauge is at zero are noted, at 
equal weights and load factors. The tests are 
repeated with minor adjustments to the probe 
setting until the desired value is obtained. This 
normally takes three test flights. 


Some variants of the indicator 


It is not always possible or convenient to 
mount a probe on the fuselage nose or on the 
leading edge of the wing. A further type of probe 
exists which can be mounted on the fuselage at 
right angles to the fuselage skin. This probe 
consists of a cylinder containing two horizontal 
slots (figs. 4 and 5). It is positioned so that 
the pressure difference between the two slots is 
zero when the aircraft is flying at the desired 
angle of incidence on the approach. 


If necessary the probe can be dispensed with 
and replaced by two pressure ports on the nose 
of the aircraft which fulfil the function of the 
probe. This has the advantage of suppressing any 
external projection on the aircraft, but the 
adjustment is obviously more difficult and there 
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is also the possibility of inaccuracies due to 
deformations of the aircraft skin. 


A wide range of possibilities exist for the 
configuration of the panel instrument. 


An interesting configuration is illustrated in 
fig. 6. A ball is incorporated in the pressure 
indicator so that the pilot can carry out the 
approach by referring solely to the one instru- 
ment. The approach angle of incidence, namely 
the zero on the indicator, is marked by a yellow 
triangle. Above this mark there is a red sector 
indicating high and dangerous approach angles. 
Below the mark there are a number of gra- 
duations without any numerical indication which 
can be utilized to indicate varying flight con- 
ditions. The gauge also possesses a characteristic 
whereby its sensitivity increases when the needle 
is nearing zero. This gives the maximum sensi- 
tivity of indication when the needle is near the 
zero mark and at the same time prevents the 
needle bearing against the stops when the air- 
craft is flying at low angles of incidence and high 
speeds. 


Another configuration is that known as the 
BIP*. It is used extensively on French naval air- 
craft for the final phase of deck landing approaches. 
In this installation the probe is connected to a 
multiple contact capsule which controls the 
lighting of three indicator lamps on the instru- 
ment panel. These lamps replace the needle 
indicator and are coloured red, yellow and green 
respectively. During the approach manoeuvre 
the indications given by the instrument to the 
pilot are as follows: 


At the commencement of the manoeuvre, as the 
aircraft begins to decelerate and is still at a low 
angle of incidence, all the lamps are out, 

— yellow lamp alight only: the incidence is too 
low, a large correction must be made. 

— yellow and green alight together: incidence 
slightly too low, only a small correction 
necessary. 

— green lamp alight only: incidence correct. 

— green and red alight together: incidence 
slightly too high, a small correction necessary. 

— red lamp alight only: incidence too high, a 
large correction must be made. 


The advantage of this layout lies in the fact 
that the lamps are so positioned that they are 
within the field of view of the pilot while he is 
looking outside the aircraft. During deck 
landing the pilot watches the mirror on the 
carrier which indicates the approach path and at 
the same time he can see the BIP lights which 
enable him to check the aerodynamic perform- 
ance of the aircraft at low speeds and high 
incidence on the approach. A further advantage 
is that the adjustment of the instrument is such 
that flying the aircraft to keep the green light 
alight maintains the approach speed correct to 
within + 2 knots. 


Other applications of incidence indicators 


Another frequent utilization of an instrument 
such as that described is as a stall warning 
device. It should be emphasized that the stall is 
fundamentally a question of incidence angle. The 
expression “loss of speed’ is incorrect as it is 
theoretically possible to stall at any speed 
providing the load factor is sufficiently high. 


4 From the names of the designers Badin, Idrac, 


Perineau. 
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Fig. 5 Typical installation of the slotted probe. 





Fig. 6 A combined incidence and sideslip indicator. The 
needle is pointing to the mark indicating the ideal 
incidence for the approach. The red danger sector lies 
above the mark. 


A stall warning device should therefore 
indicate a particular incidence is so that the 
margin of safety defined by ip — is or ip/is is 
adequate but not so excessive as to hinder the 
pilot in performing evolutions within the safe 
flight envelope of the aircraft. 


The installation described for the incidence 
indicator meets this requirement ideally. For its 
adaptation to stall warning the following modi- 
fications are required. 


— The incidence to be indicated is slightly 
higher than that of the approach, and the 
probe must be mounted with a slightly steeper 
downward rake. 


— A contact capsule (fig. 2) is fitted in parallel 
in the pressure gauge circuit. Its function is to 
close an electrical circuit at the moment the 
pressure difference becomes zero. This circuit 
can be employed in a number of fashions: 
operation of a klaxon, stick shaker or operation 
of a 400 cycle tone in the pilot’s headset®. 


5 To avoid operation when the aircraft is on the ground 
the capsule operates when the pressure difference is one 
millibar instead of zero. 


Fig. 7 Schematic diagram of two possible circuits for a 
skid indicator. The pressure sensing ports are fitted either 
in a probe on the nose of the aircraft or flush with the 
aircraft skin. 





























As distinct from the approach indicator, the 
stall warning device can be utilized no matter 
what the configuration of the aircraft. Experience 
of its fitting on a fairly wide riety of different 
types of aircraft has shown that lowering the 
undercarriage and flaps, operation of the air- 
brakes or the presence of underwing stores has 
practically no effect on the margin of safety. In 
the case of the flaps this result is perhaps for- 
tuitous and is due to the fact that the lowering of 
the flaps reduces the stalling incidence but at the 
same time increases the deflexion of the aero- 
dynamic field around the wing and the local 
incidence on the probe; consequently the two 
effects are compensatory. 


To complete the list of possible uses of this 
instrument, there is also the indication not of a 
particular incidence but of a yaw condition. In 
this respect the ball of the turn and bank indicator 
is an excellent indication of sideslip, but this is 
only true in symmetric flight. In the case of a 
multi-engined aircraft with one engine failed, to 
fly with the ball central entails flying with a yaw 
towards the side of the stopped motor. To fly 
with zero skid necessitates that the ball lies on the 
opposite side to the failed engine. To supplement 
the ball and to produce an indication of zero skid 
it is only necessary to fit a probe on the nose of 
the fuselage (fig. 7) so that the two pressure 
ports are horizontally opposed or are symmetrical 
to the plane of the fuselage, and to connect these 
ports to a pressure gauge. If necessary the probe 
can be dispensed with, and the ports fitted flush 
with the fuselage skin. When there is no skid the 
airflow over the fuselage is symmetrical and the 
pressure difference is nil. In the event of an engine 
failure it is only necessary to adjust the rudder 
trim until the gauge indicates zero. 


Conclusion 


The main advantage of the incidence indicator 
described is its simplicity. It is based on the fact 
that a certain flight regime, the approach for 
example, corresponds to a certain angle of 
incidence and that it is only necessary to indicate 
this incidence and to know if it is being main- 
tained or departed from. 


A corollary to its simplicity is its cheapness and 
its reliability in operation. Technically the 
system is similar to an airspeed indicator. It does 
not possess any of the inconveniences of the vane 
because there are no moving parts. De-icing is as 
simple as on a pitot head, and the units described 
have their own heating circuits. 


This article has offered the opportunity of 
emphasizing once again the fundamental part 
played by the angle of incidence in the aero- 
dynamics and the piloting of an aircraft. At 
present it is the accepted practice to employ a 
single airspeed indicator and to accept the 
complication of calculating the correct speed for 
a certain flight regime despite the fact that the 
incidence indicator offers safety, accuracy and 
simplified piloting. It is possible to fit an aircraft 
at low cost with an indicator for a given con- 
dition of flight. An installation covering a variety 
of flight conditions could consist of a probe 
carrying several pairs of pressure ports positioned 
so that the pressure difference is nil for the 
corresponding incidences; the pressure lines 
could then be connected either to a single gauge 
or to a lamp system. —- 
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@ British and American navigation experts have 
been given a demonstration of this Sun-Star 
pocket chronometer, produced by Manufacture 
de Montres et Chronométres Ulysse Nardin, 
of Le Locle. Navies at present use a celestial 
navigation procedure, which, in addition to an 
observation time of 10 minutes, requires 40 mi- 
nutes’ calculations. The same method is used in 
the air, though in a form adapted to the special 
requirements of aviation. The calculation is based 
on Greenwich sidereal time, which is obtained by 
reference to special tables (nautical almanacs) 
and the conversion of the angular values into 
hours, minutes and seconds. This procedure, 
which is not only tedious, but can also give rise to 
error, is avoided by the use of the Sun-Star 
Chronometer. Its three white hands give civil 
(Greenwich) time in hours, minutes and seconds; 
the three red hands, which are driven and regulated 
by the works of the white hands via a special 
mechanism, give Greenwich sidereal time with a 
reading accuracy of 10 seconds of arc. The use of 
the newest techniques and materials has enabled 
such a high degree of precision to be obtained in 
the watch mechanism that the difference between 
the indications of the red and the white hands is no 
more than 1.4 seconds after one year. The watch 
can be stopped to facilitate reading and for syn- 
chronization with the normal radio time signals, so 
as to provide a highly accurate knowledge of 
sidereal time in addition to civil time. The Sun- 
Star Chronometer should prove particularly inter- 
esting when used in conjunction with the Batori 
(New York) Astro-Computer, as has already been 
demonstrated during polar flights. 





@ Vernons Industries Ltd., of Liverpool, builds 
aircraft towing vehicles and mobile power units 
and develops high-frequency multiphase current 
generators for airports. The picture shows a 200 
volt, three-phase, 25 kVA system for 400 c/s, which 
is mounted on a Douglas Tugmaster vehicle for 
use with Irish Airlines’ fleet of Boeing 707s. The 
generator is driven by a diesel motor and has 
rotating rectifiers instead of brushes. This solves 
many thorny problems involved in the use of bru- 
shes, including the elimination of radio interfer- 
ence. On the switchboard at left can be seen the 
easily interchangeable transistorized modules for 
voltage and frequency control. 





Recent Products of 
the Equipment Industry 














































@ Bodenseewerk Perkin-Elmer & Co. GmbH, of 
Ueberlingen, continuing a long-standing tradition of 
aircraft instrument manufacture, has developed and 
produced a series of autopilots and autopilot test 
equipment. In centre of picture is a flight simulator on 
which is mounted an autopilot (black object). To the 
right is the well-known cine-theodolite for tracking 
moving aerial targets, a new feature of which is the 
separate control unit with accessories. This arrange- 
ment considerably simplifies the operation of the 
equipment. At left of picture is a universal gyro test 
table, while in the background can be seen portable 
test equipment for pressure capsules and mano- 
meters. 





@ Fahrzeugbau Haller GmbH, of Stuttgart-Feuerbach, claims to be the oldest-established manu- 
facturer of airfield refuelling trucks. In 1928 the capacity of a truck was 440 Imp.gall. Present-day jet air- 
liners have capacities approaching 18,000 Imp.gall., so that refuelling trucks must now call upon the 
most advanced techniques for aid: pressure refuelling, hydraulic operation of armatures (fuelling, return 
flow, self-filling, filtering, water elimination) and finally, delivery rate control. Only in this way can the 
time needed for refuelling jet aircraft be cut to a minimum. The picture shows a large-capacity airfield 


refuelling truck with a capacity of 9,900 Imp.gall. 

















@ ATE, Alfred Teves, Maschinen- und Arma- 
turenfabrik KG, of Frankfurt/Main, is conducting 
basic research and collaborating with Bendix with a 
view to resuming its former activities, namely, the 
production of aircraft hydraulic systems, undercar- 
riages, wheels and brakes. The accompanying picture 
shows a selection of the products of the firm, which 
is also manufacturing hydraulic systems under 
licence for the F-104G. 
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AIR TRANSPORTATION 


@ Airline spares pools: In order to cut down costs and 
streamline the supply of spares, airlines operating jets 
have been organizing spares pools. Eight companies, 
for example (Air-India, Air France, BOAC, Luft- 
hansa, Pan American, Qantas, Sabena and TWA), 
are now operating a joint engine/airframe spares pool 
for the Boeing 707, and six airlines (Alitalia, Japan 
Air Lines, Pan American, KLM, SAS and Swissair) 
are to pool DC-8 maintenance and spare parts. Under 
both agreements, spares are provided by a single air- 
line at each airport served by two or more of the pool 
partners, and payment is made on a clearing house 
basis. For example, BOAC will now hold full air- 
frame spares for pool operators at London Airport, 
as well as Rolls-Royce Conway spares for Air-India 
and Lufthansa. 


@ Aid for Iraqi civil aviation: Something of a battle 
appears to be in progress as to who should obtain 
the privilege of participating in Iraq’s multi-million- 
pound transport development plans. The British Go- 
vernment submitted to a meeting in Baghdad early in 
May proposals for financial and technical assistance 
for both railways and airways. These aim at providing 
Iraq with a most modern railroad network plus long- 
term financial assistance, as well as supplying Iraqi 
Airways with modern passenger aircraft and under- 
taking the training of Iraqi crews. The offer is reported 
to be under study by General Saleh Towfeq, Director- 
General of the Iraqi Railways. 

A number of other countries, including the Soviet 
Union, are also making strong bids for a share in the 
overall programme, though no details of individual 
offers are at present available, apart from the fact that 
the Italian Government has offered to supply small 
transport aircraft. 

Airlines interested in cooperating with Iraqi Air- 
ways include SAS and Swissair. Visits have already 
been exchanged between SAS and Iraqi officials, and 


What's in the Air ? 


SAS is reported to be considering whether assistance 
could be given to Iraqi Airways in the light of the 
latter company’s development problems. SAS plans 
to increase flights to Iraq and is urging the Iraqi 
Government to remove the visa requirements for tra- 
vel between the two countries. 


@ Four-carrier pool for Africa: Negotiations are now 
well advanced on a four-carrier pool to commence 
operating in Africa from next October. The four pool 
partners will be BOAC, South African Airways, Cen- 
tral African Airways and East African Airways. 
BOAC is already linked to the three African carriers 
by a complicated series of separate pool agreements, 
the oldest of which is the Springbok arrangement with 
SAA which dates back to 1945. The purpose of the 
new quadripartite pool is to rationalize the situation 
on the London-Johannesburg routes, to cut out 
wasteful competition among the partners and, at the 
same time, to counter competition from the Continen- 
tal European airline groups. Integrated planning of 
the four carriers’ schedules will also provide improved 
service for air travellers. 


@ Sabena private shareholders have agreed to trans- 
fer a major part of their holdings in the Belgian natio- 
nal carrier to the Government, in preparation for 
Sabena’s incorporation into Air Union. The outcome 
will be that the State holding will be increased from 
49 to 65 percent, with Belgian Congo and Ruanda 
Urundi interests holding 25 percent, and private in- 
vestors retaining 10 percent. As private investors will 
be in such a small minority, it is proposed that they 
should receive a fixed 5 percent interest payment, 
with an additional | percent if and when a profit is 
recorded. 


@ Meanwhile, Sabena is facing problems in another 
part of the world: the Belgian Congo, which is due 
to have become an independent state by the time 
these lines appear in print. At the time of writing it 
is not clear whether the carrier’s African Division, 


which has its own locally-based fleet and operates an 
extensive network of domestic services within the 
Congo, will be established as an independent com- 
pany—or whether the new Congo Government will 
decide to organize its own airline, with or without 
Belgian participation. Although the Belgian Govern- 
ment has proposed that the 25 percent share in Sabena 
hitherto held by what are described as “Congo and 
Ruanda Urundi interests’ should be transferred to 
the new Congo Government, and is considering what 
measures could be taken to help the Congo organize 
its own commercial aviation “‘with the assistance of 
Sabena,” there are persistent rumours that other air- 
lines (KLM and Aeroflot are two names that have 
been mentioned) are bidding for the role of godfather. 


@ Swissair and SAS have been authorized by Bri- 
tain’s Minister of Aviation to operate night Caravelle 
services in and out of London Airport. According to 
a Ministry statement, both carriers have now de- 
monstrated in tests that the Caravelle noise level can 
be kept down to that of BEA’s Comets (BEA was 


Richard Fairey has retired 
from The Fairey Company's 
Board and relinquished his 
post as Vice-Chairman, on 
the urgent advice of his 
doctors. 





previously the only carrier authorized to operate jets 
from London Airport at night). Swissair’s nightly 
Zurich-London-Zurich service will in future be run 
by Caravelles instead of DC-6Bs, while SAS will 
operate three night Caravelle services weekly. 

On another of its routes, however, Swissair has met 
with less success: reports from Tokyo indicate that 
the Japanese authorities have turned down Swissair’s 
application for a third weekly flight between Zurich 
and Tokyo—this despite the fact that Swissair claims 
to have proved that the requested increase in service 
is fully justified by traffic volume. 


INDUSTRY 


@ U.S. manufacturers of complete aircraft, aircraft 
engines and propellers had a total order backlog of 
$12,253 million at March 3lst, 1960, according to 
figures published by the Bureau of Census, U.S. 
Department of Commerce and the Federal Aviation 
Agency. This represents a one percent increase on the 
$12,120 million backlog reported at December 31st, 


New buildings have been opened at Bordeaux-Meérignac airport. Picture shows the terminal building, the six-storey building for the technical services and the expanded apron. 
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First picture of the Dassault Mirage IV two-seat supersonic bomber prototype (two SNECMA Atar 9s) with auxiliary 
tanks. No details of the range thus achieved have been published. 








1959, but a four percent decrease on the figures for 
the first quarter of 1959. The backlog for complete 
aircraft and components comprised 56 percent of the 
total, engines and components 11 percent, propellers 
and parts less than one percent, and “‘other products 
and services” the remainder. Orders for U.S. military 
customers accounted for 69 percent of the aircraft 
backlog, 74 percent of engines and 86 percent of pro- 
pellers. 


Total new orders received during the first quarter 
of 1960 amounted to $2,865 million, or 23 percent of 
the total backlog at the end of the quarter. 


@ The Martin Company expects shortly to receive a 
contract for development of the Titan IJ storable pro- 
pellant ICBM to equip the last eight Titan squadrons 
(numbers 7 to 14). The new missile will be consi- 
derably larger than Titan J, with an overall length of 
about 110 ft, compared with 98 ft. Launching thrust 
will be over 400,000 Ib, compared with 300,000, and 
will probably lift an all-up weight of 150 tons (against 
110 tons). Diameter of the second stage will be 10 ft 
instead of 8 ft. Titan IJ will use nitrogen tetroxide and 
unsymmetrical dimethyl hydrazine as a propellant 
combination, and will be equipped with A.C. Spark 
Plug’s a'l-inertial guidance system. It will be launched 
direct from inside the silo. 


@ Rocketdyne Division of North American Aviation 
has been selected by the National Aeronautics and 
Space Administration to build the 200,000-lb thrust 
liquid oxygen/liquid hydrogen engine for the ad- 
vanced Saturn launch vehicle. The company estimates 
that the engine will cost $44 million to develop over 
a three-year period. The new engine, unofficially de- 
signated the 200K because of its thrust rating, will 
power the second stage of the Suturn C-2. 


@ General Electric Company’s Large Jet Engine De- 
partment has received new contracts valued at over 
$60 million for the J79 turbojet engine. Awards in 
excess of $56 million have been made by the Air 
Materiel Command for engines for use in the Navy’s 


Thomas V. Jones, President and Chief Executive Officer of 
Northrop Corporation, last month made a special flight in 
the T-38A Talon trainer, now being produced by Northrop 
for the U.S. Air Force; his object was to obtain first-hand 
experience of the aircraft. Seven Talons are at present 
undergoing flight tests. 


















































McDonnell F4H-1 fighter, the North American 
Aviation A3J bomber and the USAF Convair B-58, 
while the remaining $4 million is for J79s to equip 
Lockheed F-104 Starfighters for delivery to West 
Germany. 


@ Maschinenbau Augsburg-Niirnberg is to acquire a 50 
percent holding in BMW-Triebwerkbau GmbH, the 
engine subsidiary of Bayerische Motorenwerke A.G., 
through the purchase of the DM10 million worth of 
stock provisionally held by the Bavarian State Go- 
vernment. Purchase price will be DM16,667,000. 
MAN is also making a ten-year DM 20 million loan 
to BMW. The two engine subsidiaries—MAN-Turbo- 
motoren GmbH and BMW-Triebwerkbau GmbH— 
will coordinate all questions of new investments and 
the full utilization of available capacity. Both MAN 
and BMW see the merger of their engine subsidiaries 
as an important step towards the development of the 
German aircraft industry. 


@ North American Aviation’s Columbus Division has 
received a $9.1 million contract to manufacture and 
assemble the aluminium dish for the world’s largest 
radio telescope, to be located at Sugar Grove, West 
Virginia. The new radio telescope, over twice the size 
of the Jodrell Bank equipment, will be operated by 


No booking, pay on board! Allegheny Airlines is running a 
number of commuter services on which passengers buy their 
tickets on board the aircraft, as in a bus. Boarding cards are 
filled out and stamped by the passengers themselves (below). 
Left, the Eland-powered Convair which operates the 
Pittsburgh-Philadelphia commuter service. 





the Radio Astronomy Branch of the U.S. Naval 
Research Laboratory. The North American reflector 
will have a diameter of over 600 ft and a concave sur- 
face of more than 7 acres. Height will be equivalent to 
a 60-storey building, and the apparatus will have full 
rotation through 360 degrees plus an elevation of 
90 degrees. The complete Sugar Grove installation will 
cost over $100 million. 


@ Cessna Aircraft Company announces that arrange- 
ments have been completed for the purchase of a 
49 percent interest in the French firm of Avions Max 
Holste, of Reims. Three Cessna officers have been 
elected to the Max Holste Board. The French com- 
pany’s latest product is the Super Broussard 20-23- 
passenger transport powered by two Turboméca 
Bastan turboprops, on which a number of companies 
have taken options. Ansett-ANA, for example, has 
just taken up an option on six, and Max Holste is 
working in close collaboration with Nord-Aviation 
on plans for putting the aircraft into quantity pro- 
duction. 






AIRCRAFT AND POWERPLANTS 


@ Kaman Aircraft Corporation, in conjunction with 
General Electric Company, has announced details of 
a method of substantially increasing the speed, lift 
and range of military helicopters by means of a de- 
tachable, pod-mounted jet engine. The engine in 
question is the J85 (2,600 Ib thrust) mounted in a pod 
that can be attached externally to the side of the heli- 
copter by a simple connector. The pod, about 50 in. 
long, 30 in. in diameter and weighing 400 Ib, could be 
installed or removed by two men in a matter of 
minutes. Directional control of the jet efflux could be 
either preset or pilot-operated through rotation of 
the exhaust nozzle, to give maximum thrust for either 
speed or lift, as desired. 
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The first production model of the North American T-39 Sabreliner twin-jet multi-purpose six-seater is now undergoing flight 
testing. The aircraft (two Pratt & Whitney J60s of 3,000 lb thrust each) is designed for a cruising speed of 435 knots and 
an average altitude of 41,000 ft. Forty-two have already been ordered by the U.S. Air Force. 


@ Handley Page has announced that its HP.115 re- 
search aircraft is scheduled to begin flight testing this 
year. The aircraft—which is being built under a 
Ministry of Aviation contract—is designed for low- 
speed research work on high-speed aircraft configu- 
rations (it has been reported that the HP.115 may be 
associated with the TSR.2 project), and is a single- 
seater with delta wing, powered by one Bristol Sid- 
deley Viper jet. 


@ The Rolls-Royce RB.153 supersonic engine, pro- 
jected for the Messerschmitt VTOL fighter under 
development by Entwicklungsring Siid, is well ad- 
vanced. First RB.153 units will be test-run at Derby, 
after which a joint Rolls-Royce/MAN team is ex- 
pected to continue development and tooling both in 
Germany and the United Kingdom. 

At the same time Rolls-Royce is actively develop- 
ing a new engine for application in VTOL aircraft, 
based on the RB.108 series. The engine is reported to 
have a power-to-weight ratio of between 16 and 17:1. 
Thrust is believed to be in the 4,000 lb bracket. 


@ Norco’ Engineering Ltd., of Burgess Hill, Sussex, 
has recently carried out a series of demonstrations of 
the Polish PZL-102B Kos two-seat sports aircraft and 
trainer, which it is now offering on the British market. 
The Kos is an all-metal low-wing aircraft with two 
side-by-side seats and a 90 h.p. Continental C.90-12F 
engine. 


@ The Vickers Vanguard 950 Mk.2 has had its zero 
fuel weight raised from 113,000 Ib to 122,500 lb, and 
maximum landing weight from 121,000 lb to 130,500 
lb. An increase in gross weight to 146,500 lb was 
announced earlier this year, when maximum payload 
was raised to 37,000 Ib. 


@ The Fiat G.91T two-seat trainer (Bristol Siddeley 
Orpheus of 5,000 Ib thrust), which has already been 
ordered by the Italian and German Air Forces, is 
now undergoing flight testing. Latest figures an- 
nounced by the manufacturers for this aircraft are: 
span 28.24 ft, length 39.37 ft, height 13.94 ft, gross 
weight 11,770 lb, range 680 nautical miles. 


The 11,900-ft main runway at Papeete International Airport, Tahiti, will be ready to receive jet aircraft by April 1961 
and piston-engine airliners by October this year. The new airport is being constructed on a coral reef by the French company 


Dragage et Travaux Publics. 
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@ Anew variant of the Dornier Do 27/28 series of light 
aircraft has been announced. Project designation is 
Do P.346. The three-engine touring aircraft will seat 
10 to 12 passengers and is specially designed to meet 
the requirements of short-haul operations. It will bear 
marked resemblance to its Do 27 and Do 28 prede- 
cessors, with high-set rectangular cantilever wing. 
It is also expected to have the same lift devices, namely 
slats along the full wing leading edge and double 
slotted flaps along most of the trailing edge. The 
monocoque fuselage will have the same plexiglass 
cockpit canopy as the Do 27. The rear of the fuselage 
is upswept and carries a triple-fin tail unit. For load- 
ing and unloading manoeuvres the whole tail can be 
swung sideways. The nose-wheel undercarriage is not 
retractable. Two of the engines are mounted on the 
main undercarriage legs (with oleo-pneumatic shock 
absorbers) beneath the wings, while the third is in- 
stalled in the slightly drooped fuselage nose (total 
engine power 1,095 h.p.). Design maximum gross 
weight is 11,020 lb, take-off run approximately 200 ft, 
take-off distance to clear a 50-ft screen 765 ft, landing 
run approximately 270 ft, landing distance over a 
50-ft screen 590 ft, landing speed 43 knots, cruising 
speed 124 knots. 


@ Svenska Aeroplan AB, of Linkdping, is reportedly 
considering the development of a light jet trainer, 
although this aircraft still appears to be in an early 
project stage. Powerplant would probably comprise 
one or two Marborés, Vipers or other jets of this thrust 
class. 





Thirty years of South Atlantic mail flights. On May 11th, 
1930 French airmen Jean Dabry, Jean Mermoz and Léo 
Gimié took off from Toulouse aboard the Latécoére 
28 “Comte de la Vaulx’’ seaplane for Saint-Louis, 
Senegal, from where they flew non-stop to Natal, Brazil 
(1,800 miles). The aircraft carried 300 lb of mail. 


@ The tenth Type 152 jet airliner is due for completion 
at East Germany’s VEB Flugzeugwerke Dresden by 
the end of the current year. 


@ AR2-3 is the designation of a new variable-thrust 
rocket engine which can be used to provide boost for 
the North American F-86F Sabre fighter. The rocket 
vastly increases the fighter’s rate of climb above the 
critical altitude of 40,000 ft and raises service ceiling 
from 45,000 ft to over 60,000 ft. Maximum speed is 
augmented to Mach 1+, and turning radius halved. 
A pilot-operated throttle enables the AR2-3’s thrust 
to be continuously controlled between 3,000 and 
6,000 Ib. Propellants used are hydrogen peroxide and 
JP-4. 

Meanwhile, it has been reported that Japanese Air 
Force circles are considering fitting these rockets to 
their F-86Fs to bring them up to present-day fighter 
standards. Tokyo sources say that rocket-boosted 
F-86Fs would reach speeds of up to Mach 1.2 and 
ceilings of up to 54,500 ft. 


@ SNECMA has been conducting further research 
into the Atar 9 jet engine, which has resulted in two 
new versions: the Atar 9C and Atar 9D. Both engines 
are fitted with an automatic device for providing 
short power bursts, coming into operation at speeds 
around Mach 1.4. The Afar 9C will then deliver 
14,110 lb of thrust, the Atar 9D, 14,990 Ib. Tests on 
the new engines are already in progress. Meanwhile, 
SNECMA is producing the 9B version (13,230 Ib 
thrust with reheat) to power the Dassault Mirage III 
fighter and the Dassault Mirage IV prototype bomber. 














NO TIME OVER THE TARGET! No longer need bomber aircraft 
penetrate deeply into heavily defended areas. The Avro ‘‘ Stand-off’’ bomb enables 
a target to be destroyed while the parent aircraft is returning to its base. V-bombers, 
armed with this air-launched weapon, are given new flexibility and striking power— 


greatly reinforcing Britain’s deterrent strength. HAWKER SIDDELEY AVIATION 
32 Duke Street, St. James's, London, S.W.1. 
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TRANSISTORIZED 


SEARCH AND RESCUE BEACON 


Weighing only 1 lb, the TH.C.986 automatic sub-miniature transmitter-receiver is simple and 
reliable in operation; it enables a survivor to signal his position to any aircraft with a homing 
device or a UHF receiver tuned to the distress frequency. Its R/T operation also enables 
survivors to communicate with aircraft. 





Ranges: 30 miles (R/T), 60 to 75 miles (W/T) 





The distress signal is automatically transmitted by pulling a ring, and speech communications 
are made by a unit consisting of microphone and headpiece. The equipment is completely 
waterproof in up to 13 feet of water. It can be supplied either from a dry battery or from a 
battery actuated by contact with sea water. TH.C.986 sets are normally preset in the 238-248 
Mc/s band and are tuned to the UHF aeronautical distress frequency (243 Mc/s) ; if required, 
they can be set to the VHF aeronautical distress frequency (121.5 Mc/s). 





Low consumption gives high endurance: 15 to 30 hours according 
to battery used 








TH.C. 986 THOMSON HOUSTON 


COMPAGNIE FRANCAISE THOMSON-HOUSTON — GROUPE ELECTRONIQUE 173, BD. HAUSSMANN, PARIS 8 
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GROUND/AIR U.H. F. 
EQUIPMENT .TH.C. 9600 


3500 CHANNELS 


Simple and robust, the TH.C. 9600 equipment is designed for communications between 
air squadrons and ground bases, control towers or radar operations rooms. It is housed 
in standard cabinets, thus enabling it to be adapted to many roles simply by adding 
sections. This design, coupled with its technical excellence, has led to its adoption 
by the Air Ministry to equip French air bases, and quantity production for the French 
Army is under way. 

The equipment works in the 225-399.9 Mc/s frequency range on 3,500 channels spaced 
at intervals of 50 kc/s. Any one of these frequencies can be selected without difficulty. 
COMPAGNIE FRANCAISE THOMSON-HOUSTON manufactures a similar 1,750- 
channel equipment operating in the same range. 




















THOMSON CFTH HOUSTON 








COMPAGNIE FRANCAISE THOMSON-HOUSTON - GROUPE ELECTRONIQUE 173, BD. HAUSSMANN, PARIS 8¢ 
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You are flying today in the finest of airliners .. fitted 
with the best of equipment ... with your mind’s eye on the 
future. And although you marvel at the performance of your 
navigation systems, your communication equipment, the 
speed and efficiency of your engines ... you yearn for even 
finer and greater things to make your flights more dependable 
and your equipment even more reliable. 

Bendix has that same thought for the future, and all the 
while is devoting its efforts to produce “ reality “ for you. 
The part of Bendix in the technical progress of aviation is 
vast and varied. Because Bendix always anticipates aviation’s 
next advance, almost every plane that flies, in some way relies 
on Bendix’ creative engineering. 


Even before takeoff Bendix’ weather instruments pro- 
vide the vital data for flight plans. Bendix filters guard the 
fuel used by engines equipped with Bendix starters, gener- 
ators, ignition and fuel metering. In flight... Bendix air- 
borne weather radar, automatic pilots, instruments, radio, 
actuating mechanisms, de-icing equipment, and other scien- 


PROVIDES 


tific devices surround planes with safety and guide them to 
countless landings cushioned by Bendix landing gear. And, 
with increasing frequency, Bendix Flight Path Control and 
GCA are used to bring planes safely to runways in bad 
weather. 


Bendix is first in fuel metering systems for Jets, Ram- 
Jet and Turbo-prop engines. A leader in landing gear. The 
largest producer of Aviation Instruments and Accessories 
which have become the standard for major airlines. When 
you see the name “ Bendix Corporation” on any product, 
you can buy and use that product with the complete assurance 
that it is the final word in creative engineering. 


From the intimate knowledge of aviation prcgress 
gained through this active participation, Bendix can assure 
you that today’s engineering triumphs are looked upon 
merely as stepping stones—and Bendix will continue to play 
an important part in aviation advancement. 





MOST 


Quality...o ur 


IMPORTANT 


PRODUCT 















































RELIABILITY... 


...in COMMUNICATIONS 


VHF Radio Transmitters and Receivers « Aircraft Interphone Systems « Audio Control Panels 
e Passenger Address Systems « Amspeakers* e Antennas 


...in NAVIGATION 


Weather Radar « Doppler Radar ¢ Helicopter Radar « Dead-reckoning Navigation Systems 
¢ Self-contained Integrated Navigation Systems for Military and Commercial Aircraft ¢e Automatic Radio 
Compass Systems e Distance Measuring Equipment e¢ Marker Beacon Receivers e VHF Omni-Range 
Equipment e VHF Ground Direction Finders ¢ Glidescope Receivers e¢ Micro-Wave Equipment 
e Automatic Direction Finder Systems e« Indicators « Automatic Pilot Systems ¢ Central Air Data 
Computers « Polar Path* Compass « Supersonic Flight Control Systems e¢ Sonic Altimeters 


...in ENGINE COMPONENTS 


Direct Injection Fuel Systems e¢ Fuel Metering Systems ¢ Jet Engine Analyzers for Temperature- 
Vibration 3 Carburetors * Fuel-Flow Totalizing Systems ° Engine Starting Equipment 
Magnetos e Ignition Analyzers ¢ Ignition Systems e¢ Dynamotors « Electrical Connectors 


...in AIRFRAME PARTS 


Hydraulic Actuating Equipment « Shock-Absorbing Struts « Hydraulic Master Cylinders ¢ Landing 
Gear-Wheels ° Cerametalix * Brake Lining . Power Brake Valves ” Rotor Type Brakes 
e De-Icer Systems 


" Condi hor ernational owision 


CABLE ADDRESS : “ BENDIXINT” NEW YORK * Registered Trademark of Bendix Aviation Corporation 


205 EAST 42ND STREET NEW YORK 17, N.Y., U.S.A. 
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a ONLY 13 1/2 HOURS OF FLIGHT 


BY BOLING JET 


“INTERCONTINENTAL” 


NEE 


The U.S. Pacific Coast Telephone today 
Los Angeles, Hollywood and all California for information 


are now served by direct Air France flights. reserve your seats 
The entire trip takes only 13 1/2 hours through your Travel Agent 
of flight by Intercontinental Jet. or the nearest Air France agency. 





4 Boeing Intercontinental and Caravelle - perfection in jet travel on the world’s largest airline. 
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from 
Strips 
like 
this_____. 


the 
S.T.0.L. 
Caribou is airborne in 540 ft. with... 
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Designed and built by 


DE HAVILLAND AIRCRAFT OF CANADA 


DOWNSVIEW WESTERN SALES AND SERVICE : EDMONTON, ALTA. ONTARIO 


PACIFIC SALES AND SERVICE : VANCOUVER, 8.C. 








They need oxygen to fly... 


...and British Oxygen supplies it, together with research, development and 
the oxygen systems that help to make high altitude flight possible. British 
Oxygen Aviation Services will be glad to help you with your problems. 


BRITISH OXYGEN AVIATION SERVICES, BRIDGEWATER HOUSE, CLEVELAND ROW, ST. JAMES’'S, LONDON, S.W.1 


A Flight Photograph 





A Covey of Modern Missiles 


Sembach in the Palatinate 


By General L. M. Chassin, Paris 


Z | or the broad gold- new air force units which are among the most 
en plain of the Rhine, flat and fertile, where the powerful in NATO. 
peaceful waters of the river, rich in history, pass 





through a galaxy of industrial towns, the traveller At last we arrive at Sembach ; the base is divided 
is struck by the sudden contrast of the Palatinate, into two sections, separated by over half a mile 
its wooded hills black with pine-trees, its red- | °f meadow and cultivated fields. On one side is 


roofed villages huddling close to the churches the launching-ground, built around a field used 
like sheep around their shepherd; here, where the by French pilots after World War I. Near the 
flat ground has ceased, is the last place one would flightline is a maze of hangars, warehouses, 
expect to find an air base. workshops and huts. Here are housed the many 

Despite its 100,000 inhabitants, Kaiserslautern units of the air base, which is commanded by 
seems small, sleepy and provincial by comparison Colonel D. C. Brawner. Brawner is, in a manner 


with the life and bustlein the proudcities of Mainz, Of speaking, mine host of the 38th Wing. He has 
Darmstadt, Mannheim and Frankfurt. under his command not only the missile mainte- 
The car follows the winding motor road. nance units but also the 38th Materiel Squadron 
Suddenly, at the end of a turn, we come acrossa ‘(under Lieut. Colonel H. A. Beasley), the 38th 
tiny field, fenced in with barbed wire. Here, lined | Ait Base Squadron (under Major Pegram), the 
up peacefully side by side, is a row of small, 38th Field Maintenance Squadron, all three 
long-nosed jet aircraft; short swept wings with forming the Air Base Group, together with two 
negative dihedral, minute ventral air intakes and independent units: the 38th Tactical Hospital and 
conventional control surfaces. Barely has the the 6910th Radio Group. There are also, of 
layman time to ask himself how they can take off | COurse, as at every base, a myriad units and small 
from such a small airfield, when he notices that | 4¢tachments: police, postal service, weather office, 
they have no landing gear and that they are moun- technical school, housing service, officers’ and 
ted on mobile launching cradles with enormous | ©°mpany mess (very important), financial and 
tyres. For this is none other than Flight C of the | 2dministrative services (very ponderous), PX, 
822nd Tactical Missile Squadron, stationed near _library, sports and amusements etc. Altogether, 
Griinstadt, 20 miles from Kaiserslautern on the 
way to Mannheim, a unit which is part of the 
38th Tactical Missile Wing, under the command 
of Colonel Harry J. Sands, Jr., of the USAF, at 
Sembach. 
Crack your whip, twentieth-century postillion! 
Spur on your mechanized mount with a firm foot 
on the accelerator. Carry us among the vines of 
the Princess Palatine down into the green of the Colonel Harry J. Sands, Jr., 
trees once planted by Napoleon’s Old Guard! Commander of the 38th 


i : Tactical Missile Wing and 
For we are anxious to have a closer look at the Sembach Air Base. 








17th Air Force 
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38th Tactical Missile Wing 
(Col. H. J. Sands, Jr.) 
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there are no less than 7,000 men at the Sembach 
base, not counting the large number of German 
civilians working in the offices. 

On the hillside at the other side of the valley, 
near the little village with its cluster of pointed 
roofs, stand the imposing administrative and 
tactical buildings of the base. Finally, hidden in 
the woods, on a plateau with a view over most of 
the Palatinate as far the Rhine, in a superb 
situation, are the married quarters, forming a 
miniature town with their vast apartments, shops, 
schools (for over 1,000 children), clubs and sports 
grounds. 

I was welcomed at the heavily guarded en- 
trance to the base by the Information Officer, 
Captain Harry Ramsey, of Des Moines, Iowa, a 
tall, dark, friendly young man who was to be my 
guide, and a very good one too, for the next three 
days. He introduced me to his commanding 
officer, Colonel Harry J. Sands, Jr., a robust, 
energetic-looking man from Ohio, with grey-blue 
eyes and a hair-line moustache. A specialist in 


Organization of the 38th Tactical Missile Wing. Organization of Sembach Air Base. 
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38th Tactical Missile Wing 
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missiles since their earliest days, he was transferred 
from the Industrial College of the Armed Forces 
to take over the command of the 38th Wing and 
the Sembach base. 


Sands gave me a brief explanation of the 
general set-up of his unit. The 38th Tactical 
Missile Wing, created in its present form on 
June 18th 1958, is part of the U.S. Air Forces in 
Europe; these are commanded by General 
Frederick H. Smith, at one and the same time 
Commander of the 4th Allied Tactical Air Force 
(ATAF), whose Staff is a NATO in miniature, the 
Second in Command being a Frenchman, General 
Guillaume (Bill) de Rivals-Mazéres, and the Chief 
of Staff a Canadian Air Commodore. Incidentally, 
out of the 14 key posts in the Staff, seven are held 
by Americans, three by Frenchmen, two by 
Germans and two by Canadians. 


Prominent among the larger units under 
General Smith’s command is the 17th Air Force, 
headed by Major General Henry R. Spicer, which 
consists of a vast force of day and night inter- 
ceptors (F-86D and F-102), F-100 Super Sabre 
fighter-bombers, RF-101 reconnaissance aircraft 
derived from the famous Voodoo, and, last but 
not least, TM-61 Matador and TM-76 Mace 
missiles. There is an extensive network of support, 
communications and radar units etc. The total 
strength is 30,000 men (of whom 13,000 are sta- 
tioned at Ramstein, the main base and staff 
headquarters), over 700 aircraft, 5,000 surface 
vehicles and ‘‘an unspecified number” of tactical 
missiles, the very ones, in fact, which we came to 
to see. 


The 38th Tactical Missile Wing, which is an 
integral part of the 17th Air Force, comprises 
three groups, the 585th, stationed at Bitburg in the 
Eifel, and armed with Matadors, the 586th, based 
at Hahn in the Hunsriick, which is in the course of 
replacing its Matadors with Maces, and finally, 
the 587th Group, at Sembach, which has the 






































The Mace is transported to the launching area by a special vehicle, the Goodyear Translauncher. 


most advanced equipment and, not content with 
the TM-76A Maces already in its possession, is 
eagerly awaiting the arrival of the TM-76B. 

I tried in vain to worm some information out 
of my interlocutor, but I knew the importance of 
military secrecy too well to insist. The most I could 
learn was that tactical missiles are included in the 
‘atomic plan” for Central Europe, and that they 
are designed for direct use against static targets 
long ago selected by SHAPE and Fontainebleau, 
the fighter-bombers being reserved for mobile 
targets. 

In view of their rearward position in the Palat- 
inate—one wonders indeed why missiles should 
have been installed so far from the frontier —and 
their range, which is of the order of 650 miles, the 
targets which the Maces would be able to attack 
must be situated over 300 miles inside the enemy’s 
territory. When the 587th Group has Mace Bs 
with a range of nearly 1,400 miles, it will no doubt 
be called upon to perform other tasks and will 
move out of the tactical into the strategic field. 

A missile group consists of an operational 
squadron, a support squadron and a missile 
maintenance squadron, the two latter bearing the 
same number as the operational squadron. At 
Sembach the 822nd Tactical Missile Squadron is 
commanded by Lieut. Colonel Hegessey. Finally 
the squadron is divided into three flights, com- 
manded by captains, and it is these which are 
responsible for firing the Mace. 


How many Maces are there in a group, and 
hence in a squadron? I was told that a missile 
squadron was “the equivalent of a fighter squad- 
dron” and from this deduced that a squadron 
would comprise 60 to 80 missiles, according to the 
type employed, not all of which would be first line. 
As each flight had eight missiles on the ramps 
ready for launching, exposed to the view of 
tourists (there are always a number of cars parked 
near the sites), it is fairly probable that a Mace 
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squadron will have 24 first-line missiles and 48 in 


course, be guaranteed, as it is based on a more 
than questionable conjecture. 

There is no need here to discuss the principal 
characteristics of the Mace (a pilotless aircratt 
with jet engine and rocket booster), as these were 
already given in /nteravia No. 10/1959, nor the 
characteristics of its means of transport (Tera- 
cruzer cross-country truck and Translauncher 
trailer). It should, however, be remarked that the 
mobility of the Mace system is far less important 
than would appear at first glance. In the first 
place, the launching positions are fixed, and as 
such can be detected and attacked by the enemy. 
Launching requires an area free of encumbrances, 
cemented to withstand the flames and burning 
gases from the booster, surrounded by what is 
virtually a small air base housing the flight and 
its various facilities. 

The ATRAN (Automatic Terrain Recognition 
and Navigation) guidance system at present used 
is based on the periodic comparison of the image 
of a film representing the path to be followed by 
the missile, with the actual image of the ground 
“photographed” by the radar (map-matching sys- 
tem). When the missile is on its correct course, 
the two images coincide exactly, and everything 
proceeds as planned. If, on the other hand, the 
missile deviates from its course, the radar image 
and map no longer coincide, and an error signal 
is generated which acts on the controls, on the 
engine, or on both, to restore order again. On the 
subject, an American manual (not classified!) 
says: “Actual map-making flights over the terrain 
to be used is (sic) the best primary method. How- 
ever, the actual reconnaissance of a target area, a 
procedure required by this method, may be diffi- 
cult; so synthetic maps are often used... Maps 
of the area to be flown over are built up, using 
ordinary maps, aerial photos, and other intel- 
ligence information...” 

In any case, whatever one may think of the 
system, it is evident that the missile must follow a 
predetermined course, i. e., set out from a given 
point and arrive at a given point. It is true that 
alternative itineraries can be provided to enable 
the launching position to be varied, but the fact 
remains that the Mace A does not have the total 
mobility which is sometimes claimed for it. The 
Mace B, which will have inertial guidance, will be 
far superior in this respect. It should be added 
that the ATRAN, which is obliged to utilize the 
pulses of its built-in radar at more or less regular 
intervals, is vulnerable to counter-measures, 
which it tries to ward off by using a highly direc- 


tional antenna. 
* 


These were my thoughts as Captain Beckett did 
me the honours of Flight C, keeping me at a 
cautious distance from the launching area. A 
Mace was just in the course of making a simulated 
firing, and the entire launching team was grouped 
around the launch officer, a small, pink-faced 
lieutenant who was attentively and somewhat 
anxiously following operations on a circular 
calculator, for the launching had to be carried 
out with split-second timing, otherwise points 
would be lost in the launching team classifications. 

A launching team consists of an officer and 
eight men: a senior NCO (crew chief), a missile 
system analyst technician, a guidance system ana- 
lyst, a control system analyst, two missile me- 
chanics, a weapons mechanic and a weapons 
mechanical specialist. 

In an emergency, the team can be reduced to 
one officer and five men. It then consists of the 
crew chief, a missile mechanic, a weapons me- 
chanic and two analysts, the last being trained 
solely to carry out the tests. In theory, since the 
missiles must be launched at the first signal at any 
time of day or night, two teams would be required 
per unit, which would mean a minimum of 16 

















support. The accuracy of this figure cannot, of 
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The sequence of operations to which a Mace 
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is subjected from its departure from the 
launching area to its return from the 
maintenance squadron. The three series of 
tests are performed on three vehicles by 
specialized personnel. 





“operational” officers and 16 NCOs per flight. In 
practice, however, this state of affairs is still a 
very long way off. With a highly efficient alert 
system, a flight consists of about 150 men. 

“Theoretically, our work is very simple,” 
Beckett told me. ““We must, of course, keep the 
launching sites in good repair. We already receive 
fully operational Maces from the base; our job is 
to fuel them, pressurize them, fit the boosters, 
warheads and fuses and make the final tests, be- 
fore launching the missiles according to orders 
received from the Group. In theory, no repairs 
are carried out here. If a full-scale test shows us 
that something has gone wrong, the analyst is 
authorized only to change a ‘black box.’ All 
defective parts are immediately returned to the 
maintenance squadron for examination. Not- 
withstanding our excellent transport facilities, we 
prefer to mount the missile’s nose with the 
guidance system here at the last moment, particu- 
larly as the roads are so bad in winter. This is 
the only deviation from the handling regulations, 
which are scrupulously observed in every other 
respect. 

*‘Although the only launches we can carry out 
here are simulated ones, the teams’ training is 
very intensive. Each month they have to carry out 
a certain number of exercises ranging from partial 
tests on Mace components to alert countdown 
right up to the time of the simulated firing. Teams 
which have not received basic training in the USA 
have a far more rigorous test programme than the 
others. Finally, ‘crack teams,’ who have to take 
written and oral examinations and practical tests 
every six months, are responsible for checking the 
technical and operational level in all flights. The 
spirit of competition is kept up by a number of 
contests between the various formations, and 
believe me, morale is high!” 

* 


I left this contented man to visit the maintenance 
squadron at Sembach, near the flightline. There I 
found myself in the hands of a skilled technician, 
red-headed and athletic, who answered to the 
name of Faraci; he proposed that I should follow 
(from afar) the path of a Mace from the moment of 
its arrival from the launching area for a complete 
check-up, to the time of its return after running 
the gauntlet of all the departments of the Missile 
Maintenance Squadron. 


Members of a launching team making a final check-up on 
a Mace ...at the last Paris Air Show. 





The latter comprises about 480 men. In addition 
to military personnel at Sembach, there are a 
number of civil specialists from the manu- 
facturers (in particular Martin), who carry out 
adjustments, serve as instructors and, most 
important of all, help to speed up deliveries of 
vital components by getting in touch with the 
company direct, instead of following the official 
channels. 


Basically, the squadron’s job is to dismantle 
the missiles, inspect all the components, reas- 
semble them after changing all the faulty parts, 
and give the missiles a thorough testing before 
sending them back to the flight. 


Transport to the launching site, and refuelling 
and maintenance of vehicles, are the responsibility 
of a special ground support unit. 


The Maces, which arrive at the MMS hangar 
with folded wings, are dismantled into two parts: 
the nose, containing the warhead and guidance 
system; and the body (engine and airframe). 
Since a missile can be used only once, it is vital to 
ensure that no failure occurs. What is more, it is 
impossible to carry out flight tests, as with an 
aircraft. The missile must therefore make sim- 
ulated flights, in other words it must be placed 
artificially in all the situations in which it is likely 
to find itself in the air; it must operate satisfac- 
torily under any circumstances, withstanding 
accidental disturbances and making timely cor- 
rections of all errors as efficiently as a human 
hand and brain. 


There is no space in the present article to 
descrite in detail the many tests which the different 
components of the Mace must undergo. For 
example, the tests for the controls and control 
surfaces are as follows: 


1 Power supply tests (batteries, generator, regu- 
lators, pressure, detecting leaks, clearing air 
locks, etc.) 


nN 


Physical inspection (electrical wiring, tubes, 
contacts, relays, commutators, corrosion, dust 
etc.) 


w 


Electrical point-to-point checks (arming, de- 
struct, firing, or terminal dive circuits). 


> 


Zeroing and balancing adjustments. 


oA) 


Static servo response checks (reaction of the 
the missile to control and guidance signals). The 
Mace normally flies at an angle of incidence of 
+2°. It is placed on its cradle, first with nose 
pointing upwards, then with nose pointing 
downwards; the detector generates an error 
signal, and the correcting action of the control 
surfaces is measured. It is also possible to 
apply a perturbance signal to the detector so as 
to create an error without having to alter the 
missile’s position. 

6 Dynamic servo response checks. These are 
necessary for a correct reproduction of actual 
operating conditions, as errors vary continu- 
ally with variations in thrust, wind, missile 
inertia and other factors. 


For testing the missiles, special mobile consoles 
are used; these are connected by cables to the 
circuits to be checked. The operator then feeds in 
the required signals and receives responses from 
the missile simply by turning knobs, reading dials 
or observing curves. In these tests the analyst 
must evaluate the results, and his written reports 
must be clear and precise. Final tests, on the other 


hand, are “‘all or nothing” tests, and all the opera- 
tors have to do, after correctly connecting up their 
circuits, is wait for a green light (go), or for a red 
light (no go) to stop the course of operations. 


As the accompanying table shows, the Maces 
are tested in the various hangars of the MMS after 
dismantling and physical inspection. After reas- 
sembly, they are successively passed to three 
testers installed on vehicles in the open air. The 
first is the BMC (Basic Missile Checker) which 
tests all the circuits in succession. The second is 
the MPT (Missile Preflight Tester), which carries 
out checks on the control and guidance system. 
The third performs what is called a “quality 
control,” which makes spot checks on various - 
circuits, measuring, for instance, the “gain” of 
the elevator under given conditions, the rate of 








A Translauncher from Sembach base passing through the 
narrow streets of a small village in the Palatinate. 


rudder movement, or the reaction time of the 
altitude hold circuit. 


When these tests are complete, the missile 
returns to the MMS hangar for a last wash and 
brush-up. The nose is separated from the body 
(for the reasons already stated), and the Teracruzer 
is ready to take the body to the launching area. 


* 


My stay at Sembach left an impression of work 
well done, at a calm, methodical, steady pace, an 
impression of richness too, and confidence in 
a force which is quietly self-assured. 


The aerial weapon is developing at an ever- 
increasing pace. For the first time in the history of 
the world, near the very spot where Caesar barred 
the way to the hordes of invaders from the east, 
the civilization of the free world is defended by 
robots. Modern knights in dungarees, armed 
with gyroscopes and transistors, plunge their skil- 
ful hands into the entrails of the gleaming beast 
to which they are to give a life of its own. 


All this is a little frightening for our future. It 
is true that robots can be the most docile of 
servants. But let man beware! For if he has 
created the machine, he must take care, even to- 
day, that it does not finally devour him. + 
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F sem April 20th to 22nd, 1960, the Institute of 
the Aeronautical Sciences, the National Aero- 
nautics and Space Administration and The RAND 
Corporation combined to organize a symposium 
on manned space vehicles in Los Angeles, with a 
programme covering the following wide range of 
subjects: bio-medical questions, design and struc- 
tural materials, attitude control and navigation, 
power sources, utility and costs of space travel 
and, last but not least, the present status in space 
research. Several papers were devoted to each of 
these topics, but these cannot be examined in 
detail within the limited scope of these pages. The 
following outline can therefore do no more than 
provide a general survey of the many problems 
and projects discussed and support the view that 
manned space travel will form an essential element 
of American space research during the coming 
decade. 


Projects 


The Martin Company proposed two designs for 
manned space stations based on the principles of 
rigid and semi-rigid construction familiar from 
balloon designs. The rigid Martin satellite project 
comprises a roughly 16-ton, three-compartment 
capsule for a crew of four to six and is designed 
primarily for bio-medical, astronomical and geo- 
physical research (fig. 1). To concord with other 
projects, orbital altitude would average some 400 
miles, with apogee and perigee limits of 450 and 
350 miles, and would thus lie below the inner Van 
Allen radiation belt. Each orbit would take 
slightly over 90 minutes, and a satellite life of at 
least one year is assumed. The crew, however, 
would be relieved every two to four weeks, for 
which purpose special feeder vehicles are planned. 
These would also be responsible for supplying the 
space ship with food, equipment and spares. No 
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Manned Earth Satellites 


attempt would be made to create an artificial force 
of gravity inside the vehicle, since many of the 
planned physical, chemical and biological experi- 
ments require conditions of weightlessness, and 
the astronomical and geophysical experiments 
can only be carried out from a non-rotating 
platform. Astronomical observations, in particu- 
lar, must frequently be continued over a con- 
siderable space of time and therefore require a 
fixed-space attitude. To correct perturbations 
caused by external and internal forces —crew 
movements, periodic fluctuations in gravitation, 
the force of impact of feeder vehicles, etc.—a 
system of 25-lb thrust nozzles is provided, to hold 
the capsule within + 0.5 degrees pitch and yaw 
and -+ 3 degrees of roll. Estimated consumption 
of hydrogen superoxide would be roughly 30 Ib 
per day. However, if the crew remained absolutely 
still, angular errors could be kept within 0.02 
degrees or —with an additional control system — 
to within as little as 0.001 degrees. 


On the other hand, Dr. Nancy Roman, Chief of 
Astronomy and Astrophysics Programs, NASA, 
maintains that no manned satellite—with the 
exception of the moon—can provide the required 
pointing accuracy for astronomical observations 
and measurements. Dr. Roman gave the desirable 
accuracy of high resolution telescopes such as 
could be used outside the earth’s atmosphere as 
0.01 seconds of arc! And a 50-ton space station 
(presumably without stabilization system) would 
be displaced by nearly a whole minute of arc if a 
crew member moved by as much as a centimetre. 


The proposed Martin satellite should have an 
orbital inclination of 80 degrees to the equator, 
regressing | degree westwards per day. This would 
enable it to observe each point on the earth’s sur- 
face in daylight at least once in every 15 orbits — 


Fig. 1. This space laboratory for a crew of four to six could, 
The Martin Company proposes, be launched into a 400-mile 
orbit by one of NASA’s three-stage Saturn boosters in 
1965. 1. Escape and re-entry vehicle; 2. control centre; 
3. biological and chemical laboratory; 4. medical labora- 
tory; 5. astronomy and geophysical laboratory ; 6. antenna; 
7. magnetic sensor; 8. parabolic mirror; 9. telescope, focal 
length 28 ft; 10. telescopic reflector; 11. air locks, which 
can be used as a “‘natural”’ space laboratory. 


Fig. 2. Semi-rigid manned satellite as designed by The 
Martin Company, left packed into very small space (in the 
tip of the carrier rocket), right in inflated operational state, 
with symmetrical construction. 1. Escape and resupply 
vehicle; 2. air lock ; 3. inflatable sphere; 4. stowable light- 
weight floor; 5. pressure bulkhead; 6. middle bay; 7. main 
rigging cables for equipment deployment; 8. stowable 
inflatable sphere; 9. container section; 10. stowed annular 
equipment; 11. booster adapter; 12. booster; 13. air lock 
stowed equipment; 14, retracted air lock hatch. 


i. e., once a day. The vehicle would be a double- 
shell cylinder with convex end domes. While the 
outer casing, which would act as a heat shield, 
meteorite bumper and radiation shield, would be 
made of beryllium, the material proposed for the 
inner shell of the cabin is aluminium alloy. Expan- 
sion joints would allow for temperature variations 
between — 100°C and + 260°C. The cabin wall 
temperatures would be maintained at between 
16°C and 32°C by means of a system of water- 
filled tubes and air-conditioned units. Total pres- 
sure of the cabin atmosphere would be 10 psia, 
with oxygen partial pressure being maintained at 
sea level value (158 mm HG). 


By contrast, Martin’s semi-rigid (inflatable) 
satellite (fig. 2) could be packed into a very small 
space for launching, and not inflated until it 
reached its orbit. This system offers above all the 
advantage that the space required for the payload 
in the carrier vehicle can be reduced to the mini- 
mum, which not only cuts down the diameter and 
hence the drag of the carrier rocket, but also 
brings the centre of gravity and the centre of thrust 
closer together. This makes stabilization and 
control considerably easier. On the other hand, 
these advantages are accompanied by certain 
disadvantages, in particular difficulties in folding 
and stowing the satellite and in the design of the 
automatic inflation mechanism. Another problem 
is the behaviour of the “‘soft’’ skin when hit by 
meteoroids, i. e., the danger of leakages. 


* 


The principle of the folding satellite is also upheld 
by Douglas Aircraft Company. At the Los Angeles 
symposium, Eugene B. Konecci and Neal E.Wood 
proposed that a completely assembled space sta- 
tion, folded into a fan-shaped package, should be 
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Jaunched into a 300-mile orbit by means of a 
Saturn-type booster. The nose portion would pro- 
vide room for three to five men and is designed as 
a re-entry body. In the unfolded state, the station 
measures 36 ft in diameter and could accommo- 
date up to 15 men for short periods. The pressur- 
ized portion contains three compartments with 
a total volume of 5,300 cu. ft. Weight of the sta- 
tion, including the initial 5-man crew, is given as 
23,558 lb, one third of which is accounted for by 
equipment designed to maintain normal atmo- 
spheric conditions inthe crew compartments, such 
as the air cooling system (circulation cooling with 
heat exchanger) and the devices for carbon dioxide 
absorption, water regeneration, humidity control, 
electrostatic precipitator for dust, smoke, etc. 


* 


H. Hermann Koelle, Erich E. Engler and John 
W. Massey, all of the U.S. Army Ballistic Missile 
Agency, proposed the development of a 40,000 to 
60,000-lb rigid space laboratory for a crew of six 
to ten men. A satellite of this kind: would be a 
logical sequel to the Mercury and Dyna-Soar pro- 
jects and could be sent into a 400-mile orbit by 
the end of the 1960s when sufficiently powerful 
boosters become available. Costs of constructing 
two units are estimated at $390 million, while the 
annual cost of maintaining them, assuming per- 
manent manning and appropriate resupply, would 
run to another $120 million. The latter costs, how- 
ever, could be reduced by arranging for unmanned 
periods at intervals. 


* 


In contrast to the afore-mentioned projects, 
Vought Astronautics, a Division of Chance Vought 
Aircraft Inc., suggests a two-part satellite (fig. 3), 
consisting of an “‘expendable’’ portion and a 
“recoverable” portion. The “‘expendable’’ por- 
tion, or instrument carrier, would not return to 
earth from its orbit, while the “‘recoverable” por- 
tion should be designed as a supply ferry for 
repeated re-entry into the earth’s atmosphere and 
be combinable with the instrument carrier (known 
as Satellab) to form an integrated space station. 
Satellab and supply vehicle should be developed 
and tested separately. The “expendable”’ portion 
of this satellite would carry the instruments 
required for long-period measurements, while the 
ferry vehicle would probably be equipped merely 
for short-period observations. Vought Astro- 
nautics particularly stresses the economic advan- 
tages to be gained not only by developing and 
testing the system in stages, but also in later 
operation. 


* 


A still more advanced design was discussed by 
Lockheed engineers, who propose building up a 
large space station in stages from separate modu- 
lar sections shaped like cylinders or spheres. Two 
cylinders, each 30 ft long and 10 ft in diameter, are 
joined together, with an 18-foot sphere at each 
open end, thus forming a dumbbell-shaped basic 
assembly. In the final configuration the satellite 
would consist of three such assemblies arranged 
parallel to one another and in the same plane and 
joined together by further cylinders connecting 
the spheres. Rotating the centre dumbbell about 
its longitudinal axis would impart a centrifugal 
force equivalent to 1 g to the outer dumbbells, at 
the same time stabilizing the satellite in space. It 
has been calculated that the roll, pitch and yaw 
motions of the satellite caused by crew movements 
or fluctuations in the gravitational forces would 
be smaller than those of the “Queen Elizabeth” 
on a glassy smooth sea. This should meet all 
normal demands of the astronomers. Finally, the 
modular concept offers the possibility of enlarging 
the satellite at any time by adding additional 
basic assemblies. 





Fig. 3. Two-part measuring and observation satellite for a 
crew of three, as projected by Vought Astronautics. The 
white portion marked UNITED STATES contains instru- 
ments and recording equipment for long-period measure- 
ments, while the striped portion acts as ferry vehicle and 
instrument carrier for short-period missions. Both portions 
can be combined to form an integral space laboratory. 


The principle of ‘“‘assembly in space”’ is also 
advocated by Joseph H. Doss and Leo J. Mon- 
tague (Boeing Airplane Company ). In their view 
the strongest argument against constructing a 
complete space station on the ground is the terrific 
cost of the booster rockets required to launch it 
into orbit. Moreover, failure during launching 
would mean loss of the whole satellite. It would 
therefore be not only safer but also cheaper to 
launch several assemblies of roughly equal weight 
individually into orbit by means of low-thrust, 
mass-produced boosters ... instead of parking a 
single, complete satellite in space with the aid of 
one costly giant rocket. 

* 


Nevertheless, the development of manned space 
stations stands or falls with the availability of 
high-thrust boosters. On this subject Eldon W. 
Hall and Francis C. Schwenk, of NASA, gave a 
brief summary of the American booster pro- 
gramme for the coming decade. According to their 
paper, there are three major chemical rocket 
engines under development: Centaur 15K and 
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Fig. 4. NASA’s Saturn 
three-stage booster for the 
fifteen-ton Martin MSOL 
(Manned Scientific Orbital 
’ Laboratory, marked D in 
picture). 
































Centaur 200K (with hydrogen and oxygen as pro- 
pellants) and a rocket engine for 1.5 million 
pounds of.thrust with the type designation 1.5 M 
(for oxygen and RP-1 as propellants). The relia- 
bility of booster vehicles still leaves much to be 
desired. By restricting the number of booster 
types and designing the individual stages to be 
applicable to as many different vehicles as possible, 
greater operating experience can be obtained and 
development costs reduced at the same time. For 
example, the Saturn programme is based on use 
of Centaur rocket engines, and the Nova project 
will probably use some of the Saturn stages. Pay- 
loads to be aimed at for low orbits are about 4 
tons for Centaur, about 10 tons for the two-stage 
Saturn C-1, over 15 tons for Saturn C-2 (with the 
new 200K engine in the second stage) as a two- 
stage vehicle or 20 tons for the three-stage version 
(fig. 4), and finally, more than 100 tons for the 
still problematic Nova. The first two-stage Centaur 
is scheduled for launching in 1961, the first two- 
stage Saturn in 1963. 


Man in space 


There are two natural phenomena which, above 
all, comprise a threat to the health and life of 
space travellers: radiation and meteoroids. Norris 
F. Dow of General Electric’s Space Sciences 
Laboratory read a detailed paper on radiation 
protection for the occupants of space ships. 
According to present knowledge, three types of 
radiation are particularly dangerous: 1. cosmic 
radiation; 2. the Van Allen radiation; 3. the 
radiation from solar flares. The intensity of cosmic 
radiation is variously estimated at between 60 
millirem and 2 rem per week, while within the Van 
Allen belt intensities of roughly 0.3 rem/minute 
have been measured (at 2,200 miles altitude). And 
the acceptable dose of radiation for man is 
regarded as 0.3 rem per week or 5 rem per year. 
Solar flares, on the other hand, occur only spora- 
dically, though they have radiation intensities of 
0.3 to 3 rem per minute. This suggests that without 
shielding man would be exposed to the permissible 
week’s radiation dose of 0.3 rem within one 
minute during a solar flare at altitudes above 
100,000 ft. Any protracted stay in space would 
therefore require highly effective shielding; no 
fewer than ten solar flares have been recorded 
during the past five years. 


In principle, the penetration of protons, which 
form the biggest share of the radiation in the Van 
Allen belts and during solar flares, could be pre- 
vented by positive electrostatic charges in the 
satellite’s inner shell or by creating a magnetic 
field around the space station. In the present state 
of scientific knowledge, however, this would entail 
at least as much weight in additional equipment 
as passive radiation shielding in the form of an 
adequately thick outer casing, e. g., made of lead. 
This metal provides effective protection not only 
against protons, but also against hard radiation. 
Its biggest disadvantage, of course, is its high 
specific weight. Substances with a lower atomic 
number would be lighter in weight, but have the 
drawback that in stopping protons they form 
gamma rays which they are less capable of arrest- 
ing than lead. As fig. 6 shows, a lead shielding of 
at least 100 lb/sq. ft. is required to provide 
reliable protection against the stronger solar 
flares. There is no need to stress that a lead 
shielding of this order entails a tremendous weight 
penalty even in satellites of modest dimensions. 
It can only be hoped that research will lead to new 
methods of radiation shielding capable of ensuring 
adequate protection with light weight. 

* 


The second enemy of space travellers, namely 
meteoroids, has been the subject of detailed inves- 
tigations by Lloyd E. Kaechele and Arnold E. 
Olshaker, of The RAND Corporation. As far as it 
has been possible to determine, the satellites and 
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probes so far sent up into space have suffered 
little from meteoroids, although the failure of the 
radio equipment in two satellites has been attrib- 
uted to meteoroid hits. The likelihood of mete- 
oroid impacts, however, will increase with the size 
of the space vehicle. Accurate measurements on 
the skin of a manned satellite cannot be made 
until more exact knowledge is available of the 
physical properties of the “projectiles” that will 
be encountered in space: frequency of occurrence, 
size, velocity, mass. So far, only estimates of these 
values have been made, and the estimates differ 
widely. The velocities at which meteoroids (ap- 
parently members of the solar system) collide with 
the earth lie between 7 and 45 miles/sec. Their 
structure is essentially unknown, since they nor- 
mally burn up in the earth’s atmosphere, and the 
large meteorites which do reach the earth cannot 
be taken as typical examples. The density of the 
smaller meteoroids is estimated as 0.05 gramme/ 
cm*, or roughly that of freshly fallen snow. 
Nevertheless, owing to the high impact velocity, 
local pressures of millions of pounds per square 
inch can occur. Since it is at present extremely 
difficult to simulate the impact process in the 
laboratory, the penetration of meteoroids into 
metal plates must be calculated from the theory 
of compressible flow. It has been found that the 
aluminium wall of a space vehicle with an area of 
some 4,500 sq. ft. (roughly that of the fuselage of 
a large jet aircraft) must withstand penetrations 
up to about 14 inch, assuming it is to have a 90 
percent chance of surviving in orbit for one year. 
This would require a wall thickness of at least 
14, inch (single wall) or 1 inch (double wall). If 
the wall were designed only for pressure stresses 
from one atmosphere, wall thickness would need 
to be only about 0.04 inch. 


The problem of weightlessness 


Carl C. Clark and James D. Hardy have investi- 
gated the question of simulating gravity by means 
of rotation. Experiments on the centrifuge at the 
U.S. Naval Air Development Center (Johnsville) 
have shown that even slow head movements by 
the test person in a rotating system can cause 
serious disorientation and nausea. In one case 
all sense of direction was lost as soon as the vector 
product of the angular velocities of the centrifuge 
and the head motion exceeded the figure of 
0.06 sec~?. 


On the other hand, Fred A. Payne, of North 
American Aviation, came out unconditionally in 
support of artificial gravity. Experience of sub- 
marine voyages has revealed that a group of men 
obliged to live in close confinement for any length 
of time suffer from grave psychological stress. In 
the case of space travel, this stress will be compli- 
cated by additional effects, most of them still 
unexplored, due to radiation, weightlessness, 
noise, etc. The space traveller, therefore, will not 
be able to perform at his best unless he is placed 
in an environment which reproduces as far as 
possible the conditions to which he is accustomed 
on earth. On the basis of this argument, Fred 
Payne has worked out principles for the “‘archi- 
tecture’ of a space vehicle: navigation, observa- 
tion and measuring areas, requiring a space- 
stabilized attitude, will unavoidably have to be 
at zero gravity. On the other hand, a state of arti- 
ficial gravity in storerooms, workshops, living and 
recreation quarters will not only improve the well- 
being of the crew but also remove the need for a 
whole series of complicated special equipment. 
Some idea of the problems involved in living in a 
weightless environn.ent can be obtained by consid- 
ering the question of using washing facilities and 
toilets. At the same time, however, Payne does not 
ignore the disadvantages of his project, in particu- 
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Fig. 5. Rendez-vous manoeuvre for a supply vehicle in 
space. Top, the space laboratory (proposed by The Martin 
Company ) with a heat source in the rear. The supply vehicle 
carries an infrared homing head which automatically 
attaches itself to the heat source in the space station. 


lar the circumstance that every movement in 
such a station would generate tumbling motions 
in the satellite and that a permanent source of 
power would be required to maintain the outer 
portions in rotation, since energy is naturally 
needed to overcome bearing friction. This means 
fuel... relatively little, it is true, but on a per- 
manent basis. Experience of the X-15, Mercury 
and Dyna-Soar will reveal something of the con- 
cessions which designers of future space stations 
will have to make in order to ensure the physical 
and mental well-being of their crews. 


* 


A critical assessment of the additional equip- 
ment required to accommodate a human crew ina 
space vehicle raises the question of whether 
unmanned satellites are not preferable. This 
problem was dealt with at Los Angeles by M. A. 
Grodsky and R. D. Sorskin, of The Martin Com- 
pany, who came to the conclusion that the weight 
penalty involved in carrying a crew in a space sta- 
tion with a basic structural weight of 25,000 lb or 
more is negligible. Admittedly, manned stations 
would undoubtedly be more costly to construct 
than unmanned, but the extra cost would be 
insignificant compared with the total development 
costs of such a project. More important are the 


Fig. 6. Minimum weight of lead shielding to restrict radia- 
tion intensity inside the space station to the value shown in 
the ordinates. The effects of radiation within the inner Van 
Allen belt (at 2,200 miles altitude) are indicated by an 
unbroken curve, those of exceptional solar flares by a dotted 
curve. 
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costs of training the space crews and of regularly 
supplying the space station. Several crews would 
be required for each station, since the longest 
period which a human crew could be expected to 
spend in space will probably be in the region of 
two to four weeks at a stretch. Nevertheless, man 
remains the “‘lightest’’ and most versatile comput- 
ing machine, and only if he is present in an 
instrumented satellite can full advantage be 
extracted from a space laboratory. 


The cost question 


In view of the multitude of projects put for- 
ward, the question naturally arises of where the 
money is to come from for these research pro- 
grammes. Milton A. Margolis, of The RAND 
Corporation, has examined the cost question for 
the United States economic area. During World 
War II, U.S. defence expenditure exceeded 40 per- 
cent of the national income without causing an 
uncontrollable inflation, thanks to stringent price 
and wage controls. However, Americans are 
scarcely likely to put themselves into an economic 
strait-jacket merely in order to send a man to the 
moon a few months earlier. Provided economic 
conditions remain unchanged, M. A. Margolis 
considers that 5,000 to 10,000 million dollars 
could be made available annually for space 
research without cutting the defence appropria- 
tions or endangering the national budget. Total 
cost of one station would run from $500 million 
to $1,200 million, depending on the project 
selected. 


Outlook 


In the long-term view, the manned space sta- 
tion, in particular the manned earth satellite, will 
certainly be given preference over the unmanned 
vehicle. Provided intelligent use is made of the 
funds appropriated for space research, the first 
manned space stations could be put into orbit 
around the earth during the second half of the 
sixties. To avoid the Van Allen belts an orbital 
altitude of around 400 miles is regarded as the 
optimum, i. e., an orbital period of roughly 90 
minutes. Opinions on the size and weight of space 
stations are fundamentally similar: room for four 
to six men, weight up to 60,000 Ib. Projected 
boosters are advanced multi-stage rockets of the 
Centaur, Saturn and possibly Nova families. 

On one point, however, opinions differ consi- 
derably: should the station be launched into space 
fully assembled and completely equipped? Or 
should prefabricated subassemblies be sent up and 
assembled in orbit? Other problems still to be 
solved are to be found in the bio-medical field. 
Engineers, physicists and chemists are able to 
subject structural parts or even whole space sta- 
tions to the highest experimental stresses —if 
necessary to rupture point —but medical research 
must content itself with inadequate experimental 
methods in its efforts to ascertain the limits of 
human endurance. Many of the conditions ob- 
taining in space cannot be even approximately 
simulated, partly because they are unknown (e. g., 
cosmic radiation) and partly because they just 
cannot be reproduced on the earth (e. g., weight- 
lessness). The answers to these questions can be 
provided only by manned space stations circling 
the earth on low orbits. 


* 


There can be no denying that space research is 
making great strides. However, it is sincerely to 
be hoped that the political differences now stand- 
ing in the way of a successful conclusion to scien- 
tific efforts can be cleared away. Only then will the 
gigantic expenditure on space research really 
benefit mankind. + 














New 
Italian 
irports 


Both in the east and the west of the Italian peninsula—close to Venice 
and on the coast at Sestri, near Genoa—work is in full swing on two 
new airports destined partly for international traffic and partly for 
domestic operations. The airports bear the names of two of the cities’ 
greatest sons ;: Marco Polo ( Venice) and Cristoforo Colombo (Genoa). 
The following report deals with the planning work and the present 


state of construction of these two important projects. 


Marco Polo Airport, Venice 


Situated near Tessera on the Laguna Veneta, 
which has for centuries fired the imagination of 
poets and painters, the new international airport 
of the city of the Doges will belong to ICAO 
Category A. Initially, it will have a runway 
running roughly NE-SW, 8,900 ft long and 150 ft 
wide, with two 50 ft shoulders, scheduled to be 
placed in service in spring, 1961. It should, how- 
ever, be possible to begin operations on a provi- 
sional basis during the summer of 1960, using the 
already completed parallel taxiway (which is 
roughly the same length as the main runway and 
100 ft wide with two 25 ft shoulders). Finally, the 
third stage of construction provides for the 
extension of the main runway by a further 1,000 ft 
to a total] length of 9,900 ft, and for an auxiliary 
runway crossing it at an angle of 45°. 
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Naturally, the island city’s new airport—the 
old, grass-grown airfield on the Lido is no longer 
suitable for anything larger than a DC-3 —will be 
equipped with the most modern air traffic control 
and navigation systems, such as ILS, precision 
approach radar, omnidirectional radio beacons, 
radio direction finders, etc., not to mention a 
high-performance lighting system. Rapid con- 
nections with the city will be ensured either by 
motor-boats, which will reach St. Mark’s Square 
in 30 minutes via a new channel across the lagoon, 
or by buses via Mestre and the lagoon bridge. 
Traffic volume for 1965 is expected to be at least 
350,000 passengers. 


The construction and operation of the airport 
will be in the hands of the aviation department of 
the Provveditorato al Porto di Venezia (Venice 
Port Authority). The work is being financed 60 
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The taxiway of Marco Polo Airport (seen from the south-West, April, 1960) lies parallel to the main 
runway and will be used as a provisional runway by commercial airlines this summer. 
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The construction of Venice’s new international airport 
will be carried out in three stages: 1 —- Taxiway 100 ft wide 
for provisional operations, ready by summer, 1960; 2 — 
Main runway, to be placed in service in spring, 1961; 
3 — the addition at a later date of an auxiliary runway 
crossing the main runway at an angle of 45°. 


Plan of Marco Polo Airport, showing the new channel 
passing the island of Murano (double dotted line), road 
network (heavy black lines) and the motor road leading 
from Mestre to Padua (double line). 
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percent out of State funds, and 40 percent out of 
the funds of local authorities. 


Cristoforo Colombo Airport, Genoa 


Defying the sea, the new airport of the old 
trading centre and home of the discoverer of the 
New World will lie only 3 miles from Genoa’s 
Porto Vecchio, and will add a new “pier” for 
aircraft to the long line of docks and wharves for 
ships. As the Maritime Alps drop steeply into the 
sea, leaving no room to lay out runways, the 287 
acres of ground on which the new airport is to 
be built must be “‘dumped”’ in the sea; This has 
required the displacement of nearly 500 million 
cubic feet of earth. The proposed terrain is al- 
ready protected against the sea by a mole 10,805 ft 
long and 46 ft wide and by three walls, and is 
half filled with earth. 


The main east-west runway will have a length 
of 7,540 ft on completion of the first stage of 





The old lighthouse at Genoa, one of the most prominent \ 
landmarks of the city, with an Italian Customs Piaggio 
P.136 amphibian. 
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Layout of Cristoforo Colombo Airport at the latest 
stage of planning, showing the concrete walls, already 
erected (heavy black), and the filled-in area as of May, 
1960 (cross-hatched). Between the airport and the mole 
is a canal 790 ft wide to accommodate seaplanes. 
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Situated only 3 miles from the Old Port of Genoa (far right), the city’s new airport will be built on an artificial peninsula with a total area of 287 acres, for which nearly 500 million 
cubic feet of earth will be needed. In front of the artificial peninsula is a mole whose present length is 10,805 ft, but which will no doubt be lengthened in coming years. 
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construction but can, if necessary, be lengthened 
by 2,440 ft in the direction of the harbour. It is 
expected to be ready for traffic some time during 
1962, though a provisional runway with an 
initial length of 3,185 ft, later to be extended to 
4,020 ft, will be available before that date. 


Nor should it be forgotten that Cristoforo 
Colombo Airport is to serve not only for land- 
based aircraft. Between the artificial peninsula 
with a (provisional) length of 7,935 ft and the 
10,805 ft mole there will be a canal 790 ft wide to 
provide shelter and alighting facilities for sea- 
planes. Despite the good weather normally 
enjoyed on the Ligurian Coast —fog and snow are 
extremely rare—Genoa Airport will, of course, 
have all the necessary facilities for navigation and 
night-time operations. Here again, construction 
and operation are the responsibility of the port 
authority (Consorzio Autonomo del Porto di 
Genova). 
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The IFALPA delegate speaking to the ICAO 
Special Meeting, Montreal, February, 1959. 


‘“*We do not have any difficulty with the 
words ‘Area Coverage’ but apparently 
some people do. In general terms what it 
means is the ability to navigate in any part 
of an area with precision. We feel that 
pictorial presentation is a proper part of an 


area display. 








hear all of them. Basically he will hear 
the 34 stations in the area, and under ab- 
normal conditions also those in the area 
to the West and South; a total of 69 stations 
using 60 frequencies. 


I might mention that we have a problem 


with frequencies — we have apparently 





The present standard in high density areas 

has been most highly developed and used in the U.S.A. The New York 
area is an area of high traffic flow, and it is appropriate to review the 
functioning of the present system in its most complete form and 
where it is under the most severe test. We are most concerned with 
the ability of VOR to provide what we feel is essential in high density 


areas—helicopter cover and aid for high flying aircraft. 


In the area there are 34 stations which use 33 frequencies, and air- 


craft flying at 40,000 feet in the area will, under normal conditions, 
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exhausted them in this area. We also have 
a problem with low frequencies. The power of some low frequency 
beacons is quite low, so that you can usually not tune them in until 
you reach some-where in the neighbourhood; you will not get an 
A.D.F. signal until you are perhaps six or seven miles away, and 
occasionally pilots have gone right over them without picking the 
signal up. Our proposal for area coverage would surely not solve 
every problem, but it does offer some potentials for solving this and 


similar problems.”’ 
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The Eighth World Gliding Championships at Cologne 


Forty years after the first gliding contest and 
twenty-three years after the first World Gliding Cham- 
pionships in the Rhén, world championships have 
again been held in Germany. The scene of this year’s 
contest was not, however, the lonely slopes of the 
Wasserkuppe, but the plain of the Rhine, outside 
the gates of the industrial city of Cologne. Forty 
years ago Wolfgang Klemperer, flying his Schwarzer 
Teufel, set a distance record of just 220 m. Today 
this performance is exceeded on nearly every training 
flight. 

It was not long before sailplane pilots crossed 
national frontiers to spread their sport and pit their 
skill against opponents from all over the world. 
Typical international meetings were held at Itford 
Hill in 1922, the Crimea in 1925 and Vauville in 
1928. In a contest held in 1930 in the USA, Wolf 
Hirth made the world’s first thermal flight in a cloud- 
less sky. In September, 1935 an international sail- 
plane meet was organized on the 11,000 ft Jung- 
fraujoch. Two years later, sailplane pilots from seven 





World Gliding Championships, 1937-1958 


1937 


Wasserkuppe/Rhén, Germany 
Participants from seven nations 
Winner: Heini Dittmar, Germany, in a Condor 


1948 
Samedan, Switzerland 
Participants from nine nations 
Winner: Per Axel Persson, Sweden, in a DFS Weihe 


1950 


Grebro, Sweden 
29 participants from eleven nations 
Winner: Billy Nilsson, Sweden, in a DFS Wejhe 


1952 


Cuatro Vientos, near Madrid, Spain 
56 participants from 18 nations 
Winner in single-seat class: 
Philip A. Wills, Great Britain, in a Slingsby Sky 
Winners in two-seat class: 
Luis V. Juez and R. Bermudez de Castro, Spain, in a 
DFS Kranich I/ 


1954 
Camphill, England 
43 participants from 19 nations 
Winner in single-seat class: 
Gérard Pierre, France, in a Breguet Br.901 
Winners in two-seat class: 
Bozidar Komac and Zvonimir Rajn, Yugoslavia, in a 
Kosava 


1956 


Saint-Yan, France 
58 participants from 25 nations 
Winner in single-seat class: 
Paul B. MacCready, USA, in a Breguet Br.901S 
Winners in two-seat class: 
Nick Goodhart and Frank Foster, Great Britain, in a 
Slingsby T-42B Eagle 


1958 


Leszno, Poland 
61 participants from 22 nations 
Winner in Open Class: 
Ernst Giinter Haase, Federal German Republic, in an 
HKS-3 
Winner in Standard Class: 
Adam Witek, Poland, in an SZD-22 Mucha-Standart 
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countries gathered at the Wasserkuppe to take part 
in an international contest, which today is considered 
as the first World Gliding Championship. Then there 
was a painful interval, and not until 1948, in the 
Engadine, were activities again resumed. Since then, 
sailplane pilots have been meeting every other year 
to select their champions. 


The pilots 


Fifty-five pilots from 23 countries arrived at 
Cologne-Butzweilerhof at the invitation of the German 
Aero Club, to take part in the 8th World Gliding 
Championships. The countries represented were 
Argentina, Australia, Austria, Belgium, Brazil, 
Denmark, Finland, France, Great Britain, Iceland, 
Israel, Italy, Japan, the Netherlands, Norway, 
Poland, Southern Rhodesia, Spain, Sweden, Switzer- 
land, the USA, Yugoslavia and the Federal Republic 
of Germany. The 1958 winners, Ernst Giinter Haase 
(Germany) and Adam Witek (Poland), defended 
their titles, and former world champions Nick Good- 
hart, Luis V. Juez and Per Axel Persson also put in an 
appearance. There were felt to be certain prospects 
for the American world record holders Dick Schreder 
and Dick Johnson; the latter has won the American 
gliding championships five times. 


The sailplanes 


As in 1958, there were two classes: Open and 
Standard. In the former class, no restrictions are 
imposed on type of sailplane, so that this category 
included even “super-orchids” with the latest 
technical refinements. For the Standard Class, 
however, the maximum wing span was 50 ft, and 
retractable undercarriage, variable camber and radio 
equipment were not allowed. Most frequently 
represented in both classes were various versions of 
the Schleicher Ka 6 (designed by Rudolf Kaiser, who 
won the 1958 OSTIV Prize for his design, totalling 
no fewer than 19; the Slingsby Skylark (8 sailplanes); 
and the Breguet Br.905 Fauvette (five). 


Among the 20 entrants in the Open Class, world 
champion Ernst Giinter Haase’s Phénix T, a new 
and improved version of the FS 24 Phénix, undoub- 
tedly aroused the most interest. The sailplane is made 
of plastic and balsa wood in sandwich construction; 
its mathematically calculated, aerodynamically clean 
lines, the excellent surface finish and Dr. Eppler’s 
laminar airfoil, give the aircraft an unprecedented 
performance. Making their world championship 
début were the elegant Polish SZD-19 Zefir 2, de- 
signed by Dipl. Ing. B. Szuba, Richard H. Johnson’s 
RHJ-6 Adastra (still without the finishing touches) 
from the United States, and the Airmate HP-8, 
which enabled its designer, Richard E. Schreder, to 
set three world records last year. For radio communi- 
cations, pilots had a choice of twelve frequencies in 
the 102.2 Mc/s to 158.4 Mc/s bands. 

In the Standard Class there were 35 starters. Owing 
to the more or less uniform characteristics of the 
sailplanes the question of pilot performance was more 
important than in the Open Class. Old friends at the 
Championships were the proven Schleicher Ka 6 
(a firm favourite in,Germany), the SZD-22 Mucha- 


SZD-24 Foka: wooden construction, fixed undercarriage, 
NACA 63,-618 and NACA 4415 airfoil; span 49.2 ft, 
wing area 130.9 sq. ft.; weight equipped 499 1b; all-up 
weight 686 lb; minimum rate of descent 130 ft/min at 
47 m.p.h.; best lift-drag ratio 34 at 53 m.p.h. 


Thermals, 


Sailplanes 
and Pilots 





Standart, the Slingsby Skylark II and the Breguet 
Br.905 Fauvette, while new designs included two 
Italian single-seaters, the E/C 39 and the M-100-s. 
Other “ firsts ” were the Polish SZD-24 Foka, designed 
by Dipl. Ing. W. Okarmus, and the Standard-Austria, 
designed by Dipl. Ing. Riidiger Kunz and built at 
the central workshop of the Austrian Aero Club. 


Competitions and adjudication 


The 8th World Gliding Championships were based 
on the FAI Code Sportif and regulations governing 
world championships. The programme was as 
follows: (1) Free distance (in any direction); (2) Race 
to a goal or to a goal and return. Optional contests 
were (3) distance flight along a course fixed by the 
organizer and (4) race over a triangular course of 
100, 200 or 300 km and 2100 km without inter- 
mediate stop. Four votes per class are necessary for 
the adjudication of a championship. Each class is 
judged separately, the championships being marked 
on the basis of 1,000 points. 


The Championships under way 


Saturday, June 4th, 1960: A cloudless sky over 
Butzweilerhof. The sailplanes and the fluttering 


flags of the nations taking part made a colourful 
picture. Seff Kunz, Chairman of the German Aero 
Club Gliding Committee, briefly introduced the 















Dick Johnson, of the USA, holder 
of the world record for free distance 
flight, was a hot favourite for the 
World Championships, Ithough 
his “ craft,” the RHJ-6 Adastra, 
no doubt felt more at home in the 
thermals of Texas. 





Adam Witek, of Poland, 1958 
world champion in the Standard 
Class, had every prospect of being 
the first sailplane pilot to keep his 
title for a further two years. He 
flew the SZD-24 Foka. 








Ernst Giinter Haase, of West Ger- 
many, flying the Phénix T, de- 
fended his world title in the Open 
Class, won at Leszno in 1958. 


Bernhard Miiller, one of Switzer- 
land’s best sailplane pilots, built 
his Weihe in his spare time 23 years 
ago ; the model is still up-to-date. 
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Twenty-five Dornier Do 27s lent by the Bundeswehr were 
used to tow the sailplanes. 


Pilots were allowed to choose the time of take-off, putting 
up their numbers against the time they preferred (left). 
When their turn came, their number was put up on the board 
at right. 





teams and expressed the hope that fair competition 
would help to further the progress of gliding and 
strengthen the bonds of friendship among the world’s 
sailplane pilots. The Championships were officially 
opened by Dr. Seiermann, Under-Secretary of State 
at the Ministry of Transport, on behalf of Chancellor 
Dr. Adenauer, patron of the Championships. 

At 12:30 hours the starting signal was given for 
the first competition: out and return goal flight to 
Koblenz-Karthause, covering a total distance of 
172.2 km. Barely an hour later the last pilot was 
crossing the starting line. Although thermals were 
good, it was difficult to fird an up-current in the 
absence of clouds. Suspense mounted as the loud- 
speakers boomed forth the first reports that the sail- 
planes had passed the turning point. Spectators leapt 
to their feet as two sailplanes approached the airfield, 
wing to wing, and streaked across the goal line: 
two Zefir 2s with the Poles Edward Makula and 
Jerzy Popiel at the controls. Barely had the cries of 
enthusiasm died down when the next competitor 
arrived: Johann Fritz, of Austria, flying the Standard- 





FS 24 Phonix T, designed by Dipl.-Ing. H. Ndgele and Dr. R. Eppler and produced by 
Apparatebau Nabern GmbH; plastic construction, split flaps, retractable undercarriage, 
Eppler STF 87(-3)-914 airfoil; span 52.5 ft; wing area 154 sq.ft.; weight equipped 
392 Ib ; all-up weight 660 lb ; minimum rate of descent 94 ft/min. at 42 m.p.h.; best lift- 
drag ratio 40 at 47 m.p. h. 


SZD-19 Zefir 2: wooden construction, variable camber flaps, retractable undercarriage, 
brake ’chute. NACA 65a=1.0-515 airfoil; span 55.8 ft; wing area 150.7 sq. ft.; weight 
equipped 651 Ib; all-up weight 847 lb; minimum rate of descent 142 ft/min at 54 m.p.h.; 


best lift-drag ratio 36 at 59 m.p.h. 


Austria. Nearly all pilots completed the course. 
When the results were evaluated, Makula and Popiel 
turned out to be the fastest; with an average speed 
of 75.03 km/h they shared first place in the Open 
Class. They were followed by Dick Schreder, of the 
USA, with a speed of 69.1 km/h and 932.9 points, 
and Rudolfo Hossinger, of Argentina, flying a 
Slingsby Skylark III, with a speed of 66.18 km/h 
and 899.7 points. 

In the Standard Class Fritz obtained 1,000 points 
for an average speed of 73.4 km/h; Adam Witek, 
flying the Foka, took second place with 69.94 km/h 
and 956.9 points. Third was Luis V. Juez, of Spain, 
in a Schleicher Ka 6, with 61.76 km/h and 855 points. 

Monday, June 6th: Distance flight along a pre- 
scribed course in the direction of Kiel. In the Open 
Class Edward Makula covered the greatest distance 
(380.79 km). He was followed by Jerzy Popiel and 
Rudolfo Hossinger. In the Standard Class the best 
performance came from Adam Witek, who covered 
370 km. Hans Resch, of Austria, flying a Standara- 
Austria, and Jorge Miinch, of Brazil, in a Schleicher 
Ka 6B, came second and third. 

Wednesday, June 8th: In the free distance flights 
no less than seventeen pilots landed near Puttgarden 
on the island of Fehmarn, just 491 km from Cologne- 
Butzweilerhof. For this performance 1,000 points 
each were awarded to H. Jensen (Denmark), E. G. 
Haase (West Germany), M. Marchand (France), 
H. C. N. Goodhart (Great Britain), J. Mrak (Yugo- 
slavia), E. Makula and J. Popiel (Poland) and R. H. 
Johnson (USA) in the Open Class ; and to A. Xhaet 
(Belgium), C. Junqueira and J. Miinch (Brazil), 
H. Huth (West Germany), J. Lacheny (France), 
S. W. Andreae and W. Toutenhoofd (Netherlands), 
J. Fritz (Austria) and A. Witek (Poland) in the Stan- 
dard Class. 

Further results and details of the winners of the 
Championships appear on the yellow pages of this 
issue. 


Eighth OSTIV Congress 


Following an old tradition, the Organisation 
Scientifique et Technique Internationale du Vol a 
Voile (OSTIV) holds its congresses at the same time 
as the World Championships. Gliding is becoming 
something more than a sport and is increasing in 
importance both from the technical and meteorolo- 
gical points of view. On the programme of the 
8th Congress, opened in the Giirzenich Building in 
Cologne on June 7th by OSTIV President L. A. de 
Lange. were no fewer than 39 technical papers 
covering aerodynamics, design, airworthiness, equip- 
ment, instruments, maintenance and training. A 











From the FAI List of Records 


Endurance: 56 hours 15 minutes, Charles Atger, 
France, in an Air-100, April 2nd-4th, 1952 


Free distance: 861.27 km, Richard H. Johnson, USA, in 
an RJ-5, on August 5th, 1951 


Goal flight : 677,61 km, René Fonteilles, France, in a 
Breguet Br. 901, on May 13th, 1956 


Out and return goal flight : 533.6 km, Ludwig Misiek, 
Poland, in a Jasko/ka, on July 6th, 1959 


Absolute altitude: 12,832 m,William S. lvans, USA, ina 
Schweizer SGS 1-23, on December 30th, 1950 


Height above release : 9,665 m, Karl Bauer, Federal 
German Republic, in a Weihe, on June 20th, 1959 


Speed on 100 km triangular goal flight : 107.04 km/h, 
Richard E. Schreder, USA, in an Airmate HP-8, on 
August 11th, 1959 


Speed on 200 km triangular goal flight : 107.83 km/h, 
Richard E. Schreder USA, in an Airmate HP-8, on 
August 6th, 1959 


Speed on 300 km triangular goal flight: 96.84 km/h, 
Richard E. Schreder, USA, in an Airmate HP-8, on 
August 7th, 1959 


These records also exist for two-seaters and for women 
pilots. The Fédération Aéronautique Internationale no 
longer recognizes endurance records, as those at 
present held already reach the limits of which the human 
organism is capable. The free distance record has been 
raised to 900 km by V. Zejda, of Czechoslovakia, but has 
not yet received official FAI recognition. 











further 41 papers were devoted to meteorological 
subjects: flight experience, collection and evaluation 
of meteorological data, convection currents, fronts, 
lee waves and the jet streams. 

In his opening address, President de Lange pro- 
posed the creation of an international gliding research 
centre. Dipl. Ing. Boris J. Cijan, of Yugoslavia, was 
awarded the OSTIV Plaque for 1960 in recognition 
of his services in the technical development of gliding. 

This year, as in former years, one of OSTIV’s tasks 
was to select the best sailplane in the Standard Class. 
An international adjudication panel examined sail- 
planes from the point of view of design, useful load 
reserves, appearance, price, “ do-it-yourself” possi- 
bilities, handling, rigging and human engineering, 
and flight-tested them for control qualities, behaviour 
in slow and fast flight, turning, sideslip and landing 
qualities. The winner of the OSTIV Trophy for 1960 
will be announced at the World Gliding Cham- 
pionship prize-giving ceremony. 





Airmate HP-8 :; Metal construction, variable camber flaps, retractable undercarriage, 
Schempp-Hirth brakes, NACA 64;,-618 airfoil; span 51 ft; wing area 105 sq. ft.; mini- 
mum rate of descent 120 ft/min at 50 m.p.h.; best lift-drag ratio 38 at 60 m.p.h. 


Standard Austria: wooden and plastic construction, NACA 65,-615 airfoil; span 49.2 
ft; wing area 145.3 sq.ft.; aspect ratio 16.7; weight equipped 458 Ib; all-up weight 
711 lb ; minimum rate of descent 137 ft/min. at 43 m.p.h.; best lift-drag ratio 34 at 65 
m.p.h. 








The 13th [ATA Technical Conference at Lucerne 


by Jacques Méline, Operations Division, Air France, Paris 


The curtain has recently been lowered on an aeronautical event which, 
though unattended by publicity, was certainly one of the most important in 
recent months. For those “ in the business,” there can be no doubt that its 
conclusions will affect the technical operating conditions of civil air transport 
for some years to come. 

Public opinion is concerned, and rightly so, with the fare policy of the 
International Air Transport Association, but it is not always fully aware of 
the impressive efforts of this organization in the technical field, efforts which 
are directed at increasing the speed, safety, comfort and economy of travel. 

At the beginning of May IATA held its 13th Annual Technical Con- 
ference at Lucerne, under the chairmanship of Knut Hagrup, SAS Vice 
President of Operations, Engineering and Maintenance and Chairman of the 
IATA Technical Committee. During the week of the conference, over five 
hundred delegates from 37 airlines, the civil and military authorities of 
10 countries, about 60 manufacturers of products used in civil aviation, 
eleven oil companies, national or international bodies concerned with re- 
search or the organization of the facilities necessary to air operations, and 
the International Civil Aviation Organization itself, freely compared notes, 
expressed hopes and opinions and reported on their findings in a frank and 
friendly spirit; such an atmosphere alone enables a mechanism like IATA, 
so cumbersome in appearance, to arrive at concrete conclusions and direct 
the course of things to come. 


The agenda 


The IATA Technical Committee had taken the wide view: on the agenda 
were the assessment of world-wide experience in the use of navigation 
systems; the display of information on the flight deck; and an appraisal of 
airspace control organizations already formed or in process of formation. 
The conference also dealt with the special problems posed by jet aircraft, 
their maintenance and the necessary ground installations (hangars and air 
terminals) to which they must pass for servicing and loading. A further point 
on the agenda was the problem of fuel, whose cost represents a substantial 
portion of total operating expenses. Three main committees were set up to 
deal with the major part of the agenda. 

After the week’s meetings were over, IATA held a so-called “ closed 
session ’’ to discuss the methods used by individual companies to train their 
crews On new equipment or to remain on good terms with the residents of 
areas near the airports from which the new aircraft operate. 


The results 
—Doppler radar navigation systems 

A committee under the chairmanship of E. L. Killip, of BEA, assessed 
the experience gained with this type of equipment by civil and military 
users. The chief component of the system is a doppler radar which accurately 
measures groundspeed and drift, obtaining these data by the reflection and 
diffraction of its beams from the earth’s surface. Certain companies have 
supplemented the radar by a more or less complex system of navigational 
computers. 

As might be expected, the results so far obtained show that a number of 
difficulties must still be overcome before a perfect system can be achieved; 
results are, in any case, still too meagre to warrant the drawing of final con- 
clusions. Even at the present time, however, it appears that the accuracy 
obtainable from the doppler system is | to 1 % percent for speed and about 1° 
for drift. To gain a knowledge of the position of an aircraft in flight, a navi- 
gational computer must be used, and the errors inherent in the computer 
and the heading source are fed into the doppler; this gives an accuracy 
of 31% to 4 percent across track. Since even better results than this have 
occasionally been obtained, it is highly probable that improvements in the 
instruments themselves and, in particular, an improvement in the heading 
source, will enable this accuracy to be increased. 
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However that may be, the widespread use of doppler systems should help 
solve certain air traffic control problems. As it is, their present accuracy 
and the fact that they give the crew continuous information on wind, speed 
and position, should permit navigation without appreciable error; when the 
majority of aircraft are doppler-equipped, it will doubtless be possible to 
reduce lateral separation between aircraft. For airport administrations 
desperately seeking to “ gain”’ space, the advantages will be obvious; nor 
will the benefits to the operator be less, since the improvement of navigation 
will cut flight times to a minimum and eliminate the considerable delays due 
to disorganization in the air traffic control system. 

Research work has been done on the effect on system accuracy of 
physical factors, among them the type of surface against which the waves 
are reflected, precipitations, altitude, interference from other dopplers in 
use nearby, etc.; but for the time being there is no reason to fear that such 
factors will have any appreciable effect on the system’s operation. 


The most probable application of the doppler system, in the near future 
at any rate, will be on long-distance flights on routes where the coverage 
offered by ground-based navigation aids is incomplete. On controlled routes 
of the European type more extensive experience will be necessary before any 
conclusion can be reached. As for the use of the equipment in terminal areas, 
this will mean the formulation of fairly complex procedures which will be 
coordinated with those already laid down for the use of other navigational 
aids working on different principles. 

In connection with the doppler equipment, mention should be made of 
the rectangular coordinate computer built to the ARINC Mark | specifica- 
tions. This supplies crews with the essential data required for navigation, 
and users consider it to be an important step towards the development of 
autonomous aids and the automation of certain tasks of which crews might 
be relieved. 

Inertial systems, on the other hand, appear unlikely to find widespread 
application in the near future. 


—Display of information on the flight deck 


But systems in themselves are not enough; there is still the question of 
how best to present flight information to the pilot. The committee which 
dealt with the doppler question also made an abstract of a vast pile of docu- 
ments on the wide field of instrumentation, not with the aim of formulating 
some kind of dogma, but to collect information of interest. The latter was 
found to be of great value, and the notes compared between military and civil 
users, engineers and pilots, manufacturers and research organizations, will 
be extremely fruitful, not only for the present generation of aircraft, but 
for the generation to come. An awakening of minds to the problems of 
displaying information is indeed necessary, for, in the writer’s opinion, such 
techniques have sadly lagged behind progress in aircraft performance. 

The contribution of the United States Army—Navy Instrumentation 
Program gave a glimpse of what certain military circles consider feasible 
at the present time and what developments, in civil aviation, could be in- 
troduced only at a later date. Particularly constructive were the reports on 
British ideas: some of these have already been put into practice, and the 
DH.121 and the VC.10 are expected to benefit from them. 

Airlines and the aircraft industry have made efforts to evaluate present 
possibilities and immediate improvements which could be made in the 
presentation of data. The various forms which data display might take were 
the subject of a number of discussions: should the navigational information 
be presented by an aircraft model moving over a fixed map, or vice versa, or 
should there be a combination of the two? should the map be viewed 
directly or projected? There is virtually no limit to the number of ways in 
which the necessary parameters can be presented. 








Finally, the committee turned to instruments designed specially for 
low-visibility approach. One of the most attractive solutions offered was a 
system using the pilot’s peripheral field of vision, which the designer de- 
monstrated to interested delegates.* 


—Air traffic control 


Another committee, under the chairmanship of H. E. Smith of BOAC, 
set out to fathom the mysteries of airspace control organization. Here again, 
there was fruitful collaboration between airlines, civil and military airspace 
users, air traffic control organizations, and manufacturers of electronic 
equipment which would help in the solution of present or foreseeable 
problems. 


A rapid review of the “ asset’ side once again revealed that, all too 
often, plans had existed which, if put into effect, would have eliminated 
bottlenecks in aircraft movements. Here too, it appears that aircraft have 
developed more rapidly than the means available to man to control them. 
Although aircraft have lessened the distances between continents, certain 
States still refuse to recognize the need to forge ahead with the development 
of air traffic control on a corresponding scale. In this field, more than in 
many others, the standardization sought by ICAO is of capital importance: 
a pilot should not be obliged to adapt himself to a profusion of different and 
uncoordinated procedures along his route. 


Attention was also devoted to matters concerning terminal areas and 
problems likely to arise en route. Both aircraft operators and ground con- 
trollers reported on their experiences and the difficulties which they had 
encountered, and concluded that no magic solution could be adopted to 
ensure complete and perfect control. 


Obviously, civil and military authorities and airspace users must co- 
operate as closely as possible in seeking solutions, and all those concerned 
must strive to obtain a better utilization of airspace, reducing the standards 
of separation between aircraft as far as is reasonably possible by installing 
surveillance radar. It is also clear that air navigation must be standardized, 
the frequency of position reports reduced and their contents simplified. But 
it is most important and most urgent of all to raise the standard of air 
traffic controllers: a larger number of good air traffic controllers must be 
trained, and they must be given a status which will prevent them from 
changing their posts as soon as a favourable opportunity presents itself. 


There were interesting exchanges of views on the use of various equip- 
ment, such as secondary ground or airborne radar. In this field, too, those 
concerned must press resolutely forward, studying the problem, not merely 
from the point of view of what happens in the air, but from a wider angle, 
taking into consideration factors such as the movements of traffic on the 
ground and runway layout. 


Denmark, France, Sweden, the United Kingdom and the United States 
gave an apercu of their projects. It is interesting to note that certain ad- 
ministrations are experimenting boldly with surface traffic control, hoping 
in this way to offer aircraft users maximum flexibility of operation. 


—Aircraft maintenance and operation 


A third committee, under the chairmanship of W. H. Spannuth of TWA, 
reviewed the airlines’ experience of jets during the past year. The facilities 
at aircraft stands, in particular those near the service depots, occupied a 
considerable part of the discussions: markings enabling pilots to arrive at 
the stands assigned to them, dimensions of stands, aircraft positioning, fuel 
and water hydrants, electrical connections, etc., and runway sweeping, were 
the subject of exchanges of views which are expected to promote more 
thorough studies aimed at solving existing problems. Operators, airport 
administrations, and fuel suppliers are all concerned to achieve maximum 
rapidity and flexibility in operations. At the present time, a transit halt 
lasts 30 to 45 minutes and a terminal halt 90 to 120 minutes, but there is 
hope that these times can be further reduced if the airport layout (which is 
undoubtedly the limiting factor) so permits. 


Thanks to the improvements in air terminals and associated facilities, 
airlines hope soon to be in a position to start up their jet aircraft at the 
stands themselves, eliminating the anachronistic and time-wasting procedure 
of towing, which alone takes 5 to 10 minutes. 


Under the heading of routine maintenance, the committee examined all 
the delicate mechanisms which make jets such high-precision machines : 


* This was the Smiths Para-Visual Director. 


brakes, hydraulic, electrical and fuel systems, pressurization, the air- 
frame, the controls, the engines. The problems of corrosion and fatigue were 
also dealt with in passing. The maintenance and reliability of instruments 
and accessories likewise came under discussion, as did the choice and use 
of malfunction detection equipment. 


Manufacturers and other airlines were able to gain much valuable in- 
formation from jet operators, who gave detailed accounts of defects and 
suggested corresponding remedies. 


Another subject occupied the attention of the committee, a subject on 
which much has already been written: namely, the use of airborne flight 
data recorders. These instruments can take a myriad forms and can record 
as many different parameters as required, provided operators wish to equip 
their aircraft with instruments with highly complicated circuits and establish 
a vast organization to evaluate the considerable volume of data: this, 
indeed, is a somewhat onerous undertaking. If this is, in fact, the best way 
of obtaining precise information on particular aspects of aircraft, engine 
and equipment performance, it may be asked whether the advantages 
obtained from the point of view of economy during servicing and main- 
tenance, warrant the expense involved in the procurement of such installa- 
tions. It should be added that some authorities require aircraft to be 
equipped with recorders capable of supplying certain data in case of 
accident. Would it be possible to combine the two types of information 
required, on the one hand by the operators, and on the other by accident in- 
vestigators ? These were two questions which the conference did not raise on 
the international level. 


In an entirely different field, that of collaboration between airlines under 
pooling or interchange agreements, the committee unanimously recognized 
the need for standardized government regulations for component certifica- 
tion and the licensing of maintenance and overhaul personnel. It also pres- 
sed for the removal of customs barriers to spares exchange. 


—Fuels 


Finally, a separate group, headed by the Chairman of the Conference, 
dealt with a number of questions relating to fuels and their qualities. It is 
not generally realized that fuel accounts for roughly 15 percent of the 
operating budget of an airline equipped with so-called “ conventional ” 
aircraft, and may rise considerably higher in the case of an airline operating 
jets. 

It is interesting to note that the maximum degree of impurity permissible 
in an aircraft fuel is 1 milligramme per litre, and that it may never contain 
more than 30 parts of water per million. Although, up to the present time, 
these are the smallest proportions detectable with existing instruments, it 
nevertheless appeared that these figures also corresponded to an optimum 
level, taking into consideration engine life, low fuel cost etc. 


Filter manufacturers announced that they would soon be able to offer 
better equipment than that at present used, and that fuel purity could be 
kept under constant check during filling operations. 

Aircraft manufacturers and oil companies were asked to meet again as 
soon as possible to agree on various matters concerning refuelling, such as 
equipment, pressure, flow rate etc. 


Although nearly all airlines fuel their aircraft with kerosene to IATA 
specifications, it may, under certain circumstances, be desirable to use JP-4 
as an alternative. The committee laid down the basis of a JP-4 specification 
and issued another statement covering both types of fuel. These specifica- 
tions will be sent to oil companies and engine manufacturers for study. 


There was a repetition of the old IATA demand that fuel should no 
longer be charged by volume, but by weight, and the suggestion was also 
made that it might be delivered in terms of energy content. This would avoid 
the necessity for operators to carry out complex measurements of density 
and conversions, which are inevitably time-wasting during halts which must 
be kept as short as possible. 


Conclusion 


And so the crowded week, meticulously organized by IATA Technical 
Director Stanislaw Krzyczkowski, drew to its close. The programme was a 
heavily laden one, and the chairmen of the committees needed all their skill 
and energy to bring their task to a successful conclusion. This has indeed 
been done, and there can be little doubt that, back at home, the delegates 
will extract much valuable information from their notes and from the mass 
of documentation with which they have been provided. In this way the IATA 
Annual Technical Conference will have borne its fruits, and the progress of 
the air transport industry will continue smoothly. 
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Leichtbau — Bauelemente, Bemessungen und Konstruk- 
tionen von Flugzeugen und anderen Leichtbauwerken. — 
By Prof. Dr. Ing. Heinrich Hertel.—Springer-Verlag, 
Berlin-Géttingen-Heidelberg, 1960 (German; 526 
pages; price DM 67.50). 


One of the results of the spectacular advances made in 
technology is the ever-increasing need for technical 
books. The practising engineer, in particular, requires 
comprehensive manuals for his work. Although Ger- 
man, Austrian and Swiss designers and technicians have 
had their fair share in the development of light aircraft 
construction, no basic volume of this kind has yet been 
produced in German-language technical literature, and 
the present book by the internationally famed author 
Professor Hertel—Technical Manager at Heinkel and 
Junkers until 1945—is therefore especially welcome. 

The book is divided into eighteen chapters dealing 
with the designer’s task; materials for light construction; 
stringers; stringer and skin panel torsion; stiffened 
panels in general; longitudinally stiffened panels; cross- 
bending and buckling of skin panels; thin-section 
wise stiffened panels; panels under shear stress; sand- 
wich construction; load points; extruded and forged 
parts of light alloy; joining techniques; joining in integral 
constructions; point connections; bonding techniques; 
resistance in operation; aircraft loading. Readers will 
be grateful to the author for his detailed treatment of 
subjects which have not yet been presented in compact 
form in existing literature, in particular thin-section 
open stringers, sandwich construction and bonding 
techniques. 

As the book is designed primarily for the practical 
man, the author has reduced mathematical formulae 
to a minimum, but has devoted extensive space to graphic 
presentations (525 illustrations), compressing highly 
concentrated information into a relatively small space 
The book’s only fault is the lack of an index, for which 
the 20-page list of contents can only partially compensate. 
Its publication has been well timed; for in a period in 
which Germany is sparing no effort to reconstruct her 
aircraft industry, Professor Hertel’s book is certain of 
a wide following. Pr. 


Fundamentals of Guided Missiles. — By the USAF Air 
Training Command and the Technical Staff of Aero 
Publishers.—Aero Publishers Inc., Los Angeles, 
California, 1960 (English; 575 pages; 576 illustrations; 
price $12.50). 


This book contains all that needs to be known of the 
theory of missiles. It is at one and the same time a work 
of popularization designed to appeal to the layman, 
and a technical treatise which can be read with advantage 
by specialists. Although based on very simple mathe- 
matical and physical notions, it enables the reader to 
understand, with a minimum of effort, such complicated 
questions as the operation of transistors or analogue 
and digital computers. 


Its highly comprehensive contents omit none of the 
subjects connected with missiles, ranging from their 
history to their tactical operation, and covering aero- 
dynamics, navigation, launching, powerplants, guidance, 
control and testing. 

The volume is prefaced by a well-presented glossary 
of specialized terms, terms whose number is ever on the 
increase. Clear and precise, these definitions are highly 
valuable to any reader. This book should find a place 
on the shelves of all those who wish to understand a 
branch of science of vital importance to the future of 
mankind. L.M.C. 


Physics and Medicine of the Atmosphere and Space. — 
Edited by Major General Otis O. Benson, Jr. and 
Dr. Hubertus Strughold.—John Wiley & Sons, Inc., 
New York and London, 1960 (English; 645 pages 
with numerous illustrations, tables, etc.; price $12.50). 


This book contains the 44 papers read by prominent 
astronauts at the Second International Symposium on 
the Physics and Medicine of the Atmosphere and Space, 
which was held at San Antonio, Texas, in mid-November 
1958, under the sponsorship of the School of Aviation 
Medicine Aerospace Medical Center. As many of the 
lecturers also reported on the results of the International 
Geophysical Year, the reader gets an almost first-hand 
survey of those aspects of the fields of physics and techno- 
logy, biology, psychology and medicine that affect the 
plans and projects of the astronauts. In contrast to the 
first conference in 1952, the main emphasis this time was 
on the conditions obtaining on other planets and, in 
particular, on the influences to which man would be 
exposed in the outer layers of the atmosphere and in 
interplanetary space. The effects of radiation, magnetic 
fields and other phenomena were discussed, as well as 
the effects of weightlessness on the human organism 
and hence the technical requirements for space travel. 

Particular interest was aroused by the question of 
how to rescue astronauts from a damaged space ship. 
Four papers were devoted to this subject alone. 

Any reader with a lively imagination who considers 
that our earthly planet has grown too small or too 
dangerous can now plan journeys to the farthest reaches 
of space, beyond the Milky Way. He will learn from the 
lecture entitled “ Space Travel with Electric Propulsion 
Systems ” that the best vehicle for such journeys is a 
space ship with photon propulsion: it travels at the speed 
of light, has a very economical fuel consumption... 
and rides on a light beam as in a fairy tale ! What is 
more, any traveller moving at the speed of light would 
not grow old! Unfortunately, the opinion voiced in 
the paper “ Time Dilatation and the Astronaut ” that 
the relativistic “ stretching ” of time is merely of academic 
interest to the astronaut is doubtless correct. 

Although no great mathematical knowledge is re- 
quired to understand these papers, the reader must 
nevertheless have reached a certain level of physical and 
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technical thinking and information. All those who have 
a secret longing to join the company of the astronauts 
or are otherwise interested in these things of the future 
will derive great pleasure from this book. And for 
those interested in further study, there is an excellent 
bibliography at the end of each paper—all in all, a 
gripping book. V.L. 


Die autonome Bordelektrik. — By Dr. K. H. Fischer. — 
Moser-Verlag, Garmisch-Partenkirchen, 1959 (Ger- 
man; 262 pages; bibliography containing 1,742 refe- 
rences; 8 tables, 10 illustrations, plastic binding, 
price DM 86.00). 


The author spent many years in aeronautical research 
and has been lecturing in aviation electronics and radio 
navigation at the Munich Institute of Technology since 
1954. In the present compendium (which is printed in 
manuscript form), he offers a clear and logical survey 
of autonomous airborne electrics—i.e., operating without 
technical aids on the ground—for the period 1945-1958. 
The book is divided into four main sections: A. Proce- 
dures and installations which contribute to increasing 
the safety of aircraft and air transport; B. Progress and 
development trends towards optimum airborne electrics, 
in particular in high-speed aircraft; C. Electrical engi- 
neering and its contribution to flight control and automa- 
tion; D. Autonomous navigation systems. Each chapter 
concludes with a lengthy list of literature references, and 
an annex lists general writings on electrical engineering 
in aviation (55 references). 

Considerable industry has been employed here to 
collect together much that aviation and space travel 
experts have been eagerly awaiting. Written in an 
easy, flowing style, the book offers a wealth of informa- 
tion, and the bibliography has been compiled with parti- 
cular care so as to save as much labour as possible for 
the user. Vile 


Elsevier’s Dictionary of Amplification, Modulation, 
Reception and Transmission. — Compiled and arranged 
on an English alphabetical base by W. E. Clason.— 
Published by Elsevier Publishing Company, Amster- 
dam, London, New York and Princeton, and R. Olden- 
bourg Verlag, Munich, 1960 (English/American- 
French-Spanish-Italian-Dutch-German; 2,924 defini- 
tions; price DM 72.00). 


This is the fifth in the series of Elsevier’s technical 
dictionaries. Basic definitions of words and expressions, 
compiled by the head of the translation department of 
N.V. Philips’ Gloeilampenfabrieken, Eindhoven (Nether- 
lands), are in English, with careful distinction between 
British and American usage. The book contains a good 
number of new expressions which are not yet to be 
found in other handbooks. It should be of valuable aid 
to every radio, television, telegraph and telephone 
specialist, and in general to all those concerned with 
electronics. Wz. 
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Production helicopters : 
AB 47G - AB 47G2 - AB 47G3 
AB 47J - AB 47J3 - AB 102 


Experimental helicopters : 
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Four-engine AZ 8L 7 








Super DC-S7exn 
J) 











THE MOST MODERN AND COMFORTABLE JET PLANE 


4 ALITALIA 


THE OFFICIAL AIRLINE FOR THE ROME OLYMPIC GAMES 























5 agi BPE 2 ae INE SY Ltr cee 3b RENE a tat Lhe. Sate wen RO peek 


BOMBRINI PARODI-DELFINO 


Explosives and ammunition — Chemical products, metal goods and textiles 














Pa ene Le Reng “eH pa 5 a ~ 
oe” BS Sees REINS Sora canoe? iris Bet a 


Breet wg tty 
Ft ii 4 i 
Westen : 


ae aaa 


EXPLOSIVES, AMMUNITION AND PROPULSION DIVISION 


ee e og 
Military supplies s 
Complete rounds for artillery and ammunition for small arms % i 


Solid-propellant rocket motors 
Rockets for civil and military use 
High explosives and propellant charges 
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Mining explosives 


Dynamite and explosives for public works, mines, quarries, etc. 
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Products for sporting guns 


Powders, cartridge cases, percussion caps and complete cartridges 
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will bring air transport to areas hitherto inaccessible because 


of the absence or inadequacy of landing grounds, thus giving 


Al RC RAFT IS H FLPL ESS pr inne a new aspect and opening up fo it a vast new field 
| 





BREGUET 941 



























Subscriptions for yourself 


and your friends... 
will make sure that you receive your copies of “INTERAVIA Review” regularly every month. 
Just fill out the enclosed order card and send it to Interavia’s nearest agent or to your bookseller 


Subscription petocs 


Representatives: | asians es 


Australasia Interavia, 5, Tedstone Crescent, Balwin E.8., Victoria. £ | 1.9.6 
Belgium Interavia, 5, Heidestraat Noord, Kapellen-Anvers. Postal Cheque 

Account: Bruxelles 792.19 INTERAVIA. Fr. b. | 210.— 
Canada Interavia, 25, Farmcote Rd., Don Mills, Ont. é U.S.$ | 5.00 
France Interavia, 144, avenue des Champs-Elysées, Paris 8°. Postal Cheque 

Account: 5471-40, Paris. ‘ N. F. 22.— 
Germany Interavia, P.O. Box 99, Bonn 3. Postal ed pageens: Kéln 194.802. 

Bankers: Frankfurter Bank, Frankfurt/M., No.5 ; DM 18.— 
Great Britain Interavia (U.K.) Ltd., 149, Fleet Street, pr E.C.4. Bankers: 

Swiss Bank Corporation, 99, Gresham Street, London, E.C.2; Lloyds 

Bank Ltd., 39, Piccadilly, London, W.1. 4: £ 
Holland Henk A. Jansen, Olympiaplein 84, Amsterdam-Z. Bankers: Interavia, 

Amsterdamsche Bank N.V. (Postal Cheque Account No. 800), 

Amsterdam. ' Hfl. 
India Interavia, No.2, Gandhigram Rd., Juhu, Bombay. Bankers: Lloyds Bank 

Limited, Dr. Dadabhoy Naoroji Road, Bombay 1. .0. Rs J 
Italy Interavia, Via Latina 43, Rome 4.71. " L. it. |2610. 
Japan Interavia, Isogo, P.O. Box 3, Yokohama. e U.S:$ 5.00 
Latin American Tano Gomez, Prado 412, La Habana, Cuba. 
countries Michel Frochot, Apartado 2648, Caracas, Venezuela. , U.S.$ | 5.00 
Mexico Interavia, Apartado Postal 2297, Mexico 1, D.F. t U.S.$ | 5.00 
Middle East _Interavia, P.O. Box 966, Graham Station, Beirut. ‘ sFr. 18.— 
South Africa Interavia, P.O. Box 10242, Johannesburg. Bankers: Volkskas, Market St., 

Johannesburg. 2.12. £ 1.9.6 
South East Interavia, P.O.Box 192, Vienna |./1. Postal Cheque Account: Osterr. 

Europe Postsparkassenamt, Wien, No. 153.073. 190.— | 6.Sch.| 110.— 
Spain Interavia, Donoso Cortés 83, Madrid. 450.— | Pts. | 240.— 
Sweden Interavia, P.O. Box 29, Linképing. 40.— Kr. 22.50 
Switzerland Interavia, Corraterie 6, Geneva. Postal Cheque Account: Genéve: |. 5380. 32. sFr. 18.— 
U.S.A. Interavia, 185 Madison Ave., New York 16, N.Y. 9.00*| $ 5.00 

* two years $ 16.00 three years $ 22.00 


Please enter my subscription to INTE RAVIA 


C1) 1 year 


in English/French/German/Spanish * for ( 2years 
LL) 3 years 


commencing with the /19.....issue 6 months 


[] Check enclosed 
Please bill 


Subscription fee 

Name: ** 

Address: ** 

Profession: 

Employer: 
For gift subscriptions: 
This subscription has been ordered by: 
Name and address: ** 


Profession: 


Signature: . Date: 


* Please check language desired ** Please write in block letters 





INTE RAVIA 


Aviation publications 


read the world over 


Daily: INTERAVIA Air Letter — World Aviation and Astronautics 
Day by Day 
in English, French and German 


Monthly: INTERAVIA World Review of Aviation and Astronautics 
in English, French, German and Spanish 


Yearly: INTERAVIA ABC World Directory of Aviation and 
Astronautics 
in English, French, German, Italian and Spanish 


INTERAVIA 


WORLD REVIEW OF AVIATION AND 
ASTRONAUTICS 


Please fill in the address 









































Engineering Show 
Turin 





September 22nd to October 2nd, 1960 


METALLURGY 
GENERAL ENGINEERING 
OFFICE MACHINES AND EQUIPMENT 
MACHINE TOOLS 
GENERAL TOOLS 
ELECTRICAL ENGINEERING 
ELECTRONICS 
NUCLEAR ENERGY 


PLASTICS, RUBBER, PAINTS, 
BONDING MATERIALS 


CINEMATOGRAPHY 
PHOTOGRAPHY 
OPTICS 
AGRICULTURAL ENGINEERING 
BUILDING MACHINERY AND EQUIPMENT 
ROAD WORK, SNOW CLEARING 


Associated events 


20th International Engineering Exhibition 
7th European Plastics Show 


12th International Cinematographical, Photographical and 
Optical Exhibition 


10th International Agricultural Engineering Show 


12th International Meeting of the Technical, Scientific and 
Periodical Press 


Foreign agents 


PARIS — Italian Chamber of Commerce in Paris, 134, rue 
du Faubourg-St.-Honoré, Paris Ville — Tel. ELYsées 46.27, 
BALzac 39.80 - 41.88 


FRANKFURT/MAIN — Italian Chamber of Commerce for 
Germany, Feldbergstrasse 24 — Tel. 774.747 - 774.767 


BRUSSELS — Belgo-lItalian Chamber of Commerce, 
6, Mont-des-Arts — Tel. 12.96.31 


AMSTERDAM — J. Leonard Lang, Stadhouderskade 114 
— Tel. 719.744 


GENEVA — Pondil S.A., rue de la Tour-de-I'lle 1 — Tel. 
25 62 34 


WEMBLEY (Middlesex) — Fiat (England) Ltd., Water 
Road — Tel. PERivale 5651 
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COTELEC 


SOCIETE FRANCAISE D'ETUDES ET DE CONSTRUCTIONS 
ELECTRONIQUES 


Administrators of Laboratoires 


DERVEAUX 


is active in all fields of 


ELECTRONICS 


o¢ 


TELEMETERING and GUIDANCE EQUIPMENT 
for aircraft and missiles 


(Radar telemeters « Gun sights « Homing equipment e 
Radio compasses e Recorders e Antennas « Transponders) 


® 
MICROWAVE MEASURING EQUIPMENT 
& 
ANALOGUE COMPUTERS 
2 


The Boulogne COMPUTER CENTRE and the 
Villacoublay ANTENNA CHECKING CENTRE 


are available to industry for the 


STUDY AND SOLUTION OF 
ALL PROBLEMS 


o¢ 


Administrative and commercial offices 


64, rue du Chateau, Boulogne (Seine) 
Mol. 73-91 














EUROPE AND AFRICA 
By Super Constellation G 


Connections with the air services 
operated by 

DTA-ANGOLA 
DETA-MOZAMBIQUE 

Consult your travel agency 

or the offices of 


TAP — Transportes Aéreos Portugueses — Rua Braamcamp 2, Lisbon 
LISBON @ OPORTO @ MADRID © PARIS @© LONDON e@ TANGIER 
CASABLANCA @ KANO e¢ LEOPOLDVILLE © LUANDA ¢@ LOURENCO-MARQUES 











Stabilimenti Meccanici Riuniti S.p.A. AIRCRAFT 
Share Capital Lire 500 000 000 y 
Offices in Livorno, Italy CONSTRUCTION AND REPAIRS 


AIRPORT EQUIPMENT 


WHITEHEAD - MOTO FIDES 





OFFICINE AERONAVALI spa 


Manufacturers of: Torpedoes 
All types of weapons VENICE-LIDO 


High pressure compressors 
Anti-submarine and anti-aircraft rockets 
Hydraulic control systems G. NICELLI AIRPORT, VENICE LIDO, Italy 


Precision components Tel.: 60883, 60316 




















Cliches Schwitter S.A. 
Bale 

YAU dteis 

STi a=y- 10m @r-1OE-t-Talal 


















BOFORS 


wissitt BANTAM 





SS: och At Ae ec eh ee ae 6 kg 
0 ae eee eee eee ee ee 815 mm 
DP ED ote eee oa ee 400 mm 
@ Weight of container-launching tube with missile 10 kg 
@ Dimensions of container ........ 860 x 195x195 mm 
fe eee ec 2000 mm 
@ Armour-piercing capacity........ 400 mm or more 
@ Wire-guided 


AB BOFORS, BOFORS - SWEDEN 





HYPERTHERMAL WIND TUNNELS 
PLASMA SPRAY EQUIPMENT 





Plasmadyne tunnels provide convenient means 
of duplicating under controlled conditions 
hyperthermal environments such as those 
experienced in supersonic aerodynamics, re- 
entry simulation and internal simulation of 
liquid and solid rocket motors and nozzles. 


Plasmatron spray equipment is 
an inexpensive, practical tool 
for depositing dense coatings 
of high melting point materials 
for use as erosion, corrosion, 
thermal and electrical barriers. 





Plasmadyne Corporation, is seeking a European representative to 
market and service Plasmatron spray coating devices and hyperther- 
mal wind tunnels. Extensive background in the physical sciences com- 
bined with prior sales experience a prerequisite. 


For further information, send a detailed resume and 
references to: Joseph Rosener, Jr., President. 


plasmadyne 


ASUBSIDIARY OF GIANNINI 
SCIENTIFIC CORPORATION 
3839 South Main Street * Santa Ana, California 
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Whether you go for minced fish the way the Danes like it... 
or for beef with soy sauce as served in Japan... one thing you 
will like is the superb Swissair service that's yours when 
you travel by the airline of Switzerland. 


On your way to any of the three-score cities served by Swissair's 
worldwide network, you'll enjoy a new sense of security... 
knowing that skilled Swiss hands keep your plane spick and 
span and shipshape with the same loving care that goes into 
the world’s finest watches. And you'll delight in Swissair's 
generous servings of mouth-watering delicacies... zestful 
drinks... with savory snacks in between times. 


Now you can fly with Swissair’s jets : between Europe and 
USA with giant Douglas DC-8's ; in Europe, the Near and 
Middle East with whisper-quiet Caravelles. 


Whether you're flying to North or South America, to the key 
cities of Europe and the Middle East, or on to the Far East, 
you'll be glad you decided to fly there by Swissair. 


Your travel agent will tell you : air fares are all the same ; it's the 
service that’s different. 






SWISSAIR 
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Boeing Airplane Co., Seattle ......... 797 
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Bombrini Parodi-Delfino, Rome ........ 872 
Bristol Aerojet Ltd., Bristol. ......... 791 
Bristol Siddeley Engines Ltd., Coventry .... 773 
British Aircraft Corp., London ...... 780/81 
British Oxygen Co. Ltd. London ....... 856 
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Canadian Marconi Co., Montreal ....... 815 
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Cointrin Airport, Geneva ........4... 795 
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EUROPEAN OFFICE 


Phone BONN 54 8 54 


these companies. 


Inquiries invited 








The Aeronautical Group 


announces the opening of its 


BONN, ERSTE FAHRGASSE 1, WEST GERMANY 
Cable Address AVRO BONN 


Douglas Edwards, Technical Sales Manager, is 
in charge and will operate throughout Western 
Europe to present customers in the armed services 
and industry with the products and services of 


AVRO AIRCRAFT LIMITED 
CANADIAN APPLIED RESEARCH LTD. 
ORENDA ENGINES LIMITED 
CANADIAN STEEL IMPROVEMENT LTD. 


A. V. Roe Aeronautical Group Limited 


BONN, ERSTE FAHRGASSE 1, WEST GERMANY 


A Short Guide 


to Radio Navigation 


A. V. ROE CANADA LIMITED and 


Air Traffic Control 


English, French, German and Spanish 
(1958 Edition) 


Available in three editions with main 
text in either English, French or Ger- 
man. 24 pages; 31 diagrams; 2 tables; 
glossary of English/American abbrevia- 
tions; 9%" x 6%"; Price US $ 0.80 
or Sterling £0. 4s. 6d, postage extra. 

A four-language key to the art of Air 
Navigation and Air Traffic Control. 


PUBLISHED BY : 
INTERAVIA . GENEVA 11 








Binder for 


now available 








INTERAVIA 


Snap-on covers 
for the 1960 volume 


Numbers 1 to 6/1960 


* post free but excluding customs charges 


Price: 
Switzerland: 7.- SFr. 
Abroad:* 12.- SFr. / £1.0.0 / $3.00 














Papier couché Massey: Papeterie de Cham S.A., Cham 





Cover, four colour printing and photogravure : Fabag Druck Zurich . Letterpress printing : Imprimerie de la Tribune de Genéve 


Printed in Switzerland 












































Gun Fire Control Sy 
for 40 mm.guns 


Already being delivered to several 
N.A.T.O. countries 





Saving precious time for airlines: 


HOW ESSO DOES IT! 


All airlines see record expenditures in the jet 
age. Turn-around time is a major factor... 
extra minutes on the ground may mean lost 
revenue for airlines. Esso is helping to cut 


Pa laces | 
ee 


To help speed turn-around, Esso pioneered safe, 
high-speed hydrant fueling—now in use at many 
major airports worldwide. And Esso developed 
large-capacity mobile refuelers with extra-fast 
pumping rates. 


investment in jet age equipment. 


Esso service crews everywhere benefit from Esso’s 
Jet Age Training Program—most advanced and 
comprehensive in the industry. Wherever you see 
the Esso sign, you can depend on quick, careful and 
competent service. 


INTERNATIONAL AVIATION PETROLEUM SERVICE = 


Pan American Boeing 707 


this costly ground time to the minimum by 
supplying the fuels, lubricants and service that 
will assure airlines bigger dividends from their 
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